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FOREWORD
Th.. report prelentl the fmal results of onll of the 46 projects comprising the mtlttary-effect
program Qf Operation Plumbbob, wlllch Included 24 teet detonations at the ~evada Test Site In
1957.

For oyeraU Plumbbob mllltary-effects information, the readar .. refrrred to th" .. Summary
Report of the Dlrecv.ll, DOD Test Group (Programs 1-9)," ITR-1445, wInch Includp'8: (1) a
description of each detonatlQn, Including yield, uro-polnt location and enylronment, t~,pe of de
vice, ambient atmollpherlc condIUOM, etc.; (2) a dl.cuision of project results; (3) a IUII.mary
of the objflctlnl and re.ults of ea.ch project; aDd (4) a I..tlne of projllct reports for the mUltary
effect program.
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ABSTRACT
The objective of the project was to investigate the behavior of prtlssure-activat,ed antitank mines
under air-bLast loading from a nuclear detonation. Of particular interest Werl! the reliability of
currl,!nt methods for predLcting probabLlLty of land-mLne artuatlon from nuclear detonationa, the
eUect of burial depth on mine actuaUon, and the effect of sympathetic actuaUon Ln extending the
range of mine clearance. In addition, a study was Lnitlated to determine if specLal methods were
needed for prediction of mLne actuation at particular ranges of transition in the pressure-wave
shape.

FUteen mine type!:', both UnLted States and foreign, were employed. Test results indicated:
(1) the procedures for predicting mLne actuation under nuclear detonations were reasonably
accurate; (2) ii'! thO! Jive mine fields, sympathetic actuation occurred among mlm,q; (3) the re
sponse of the Unlversai Illdicillur Mines (UIM) Lncreased with burial dept lis to a maximum value
between 6 and 9 inches; and (4) the reliability of the actuation curves can be improved by labora
tory testi,lg oC adequat<! sampling of mInes.

Included within the project were four subprojects conducted by or for Picatinny Arsenal,
Diamond Ordnance Fuze Laboratories (DOFL), ChemLcal Warfare Laboratory (CWLl, and th..
Unitl!d Kingdom.

The purpose of the sludy by Picatinny Arsenal was to evaluate thr~ effectiveness of two experi.
menu I actuadon deVices, High Hat and Partner, In proViding pressure-actuated mines with pro
tecUon agahs! blast efler.ts of nUClear (Ielnoatlons. It was concluded that HLgh Hat provided
signULcantly improved resistance to clearance and warranted further development. Although
Partner worked well at high overpressure, it: was concluded that the value of the design was
questlonabb at pressures lesJ than 16 psI.

Chemical Warfare Laboratory attempted to determLne qllltlilatlvel,- the grouod contamination
pattern produced by E-5 land mines dtwr",ted by a nuclear blast. Two mines were detonated by
Shot Priscilla. Preliminary inspertlon showed that the contaminant was a.pread to a distance of
5 yartis fcom the minll detonation. Analysis Lndicaled ;, dUference in the distribUtion of around
contamination patterns bet_en mines detonated by the nuclear blast and those detonated individ
ually prior to the test. Dust storms that followed tbe upiosion may have been responalble for
tbe abaerve<! difference.

A spe~lal pfOlram 'wa Lnatituted to teat four British mine. under conditions specified by
Rrltlllh 1utlloritiea. The objective wu to supplemf!nt current British data on the behavtor of
theSe mines under nu('lellr·blut loadl/lff. Ita cur~ry examination ... made alter the blut to
determine: (1) displacement of mine by blast, (2) dIlmage to the mine body, and (3) functioning
or the fllzes. Analysts will be pe~'formed by the BI'ltllh and the result. determined are not a
part of thil leat program n<Jr are such re!'ults l!xpecied to be available.
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Chapter I

INTRODUCTION
1.1 OBJECTIVE

The objective of this' rojllct was to investigate the behavior of pressure-activated antitank
mines under air-blast loading from a nuclear detonation. To represent the va!"ious actuativn
sy~tems, mines from the United States and from NATO and other foreign nations were used.
The aspects of particular Interest in the investigation were: (i) rellabillty of current methods
for predicting the probability of land mine detonation from nuclear detonationR, (2) effects of
depth of burial upon the actuation of the mines, (3) effect of .s)mpatltetic actuation in extending
the radius of clearll.nce, and (4) percentage of mines actuated by the e,.;ploslon. In addition, it
was eXliected to determine if special methods for predicting mine actuation would be needed at
particular ranges where transitions In the pressure wave shape occurred.

Picatinny Arsenal investigated the effectiveness of two experimental designs In providing
pressure-actuated mines with protection against nuclear blast effects. The two desle"" were
code-named High Hat and Partner.

Diamond Ordnance Fuze Laboratories (DOFL) investigated the vulnerability of three types of
antitank influence mine fuzes subjected to nuclear detonation.

Chemical "V..dare Laboratory (';WL) investigated the ground r.on~lnination pattern produced
by E-5 chemical land mlnell which had been detonated by a nuclear detonation.

A special Investigation was condutted for the United Kingdom to Invcstigal!) the behavior of
three types of British antitank mines and one British antipersonnel mine u"o",' ..,lllSt loadlng
from a nuclear weapon.

1.2 BACKGROUND

Minefield cleararace projects were conducted in three previous operations at the NTS.

1.2.1 Operation Buster, Project 3.5, OCtober 1951 (Referp.nce 1). Universal Indicator Mine~

(UIM) were employed at 0 and 6 inches of burial. It was found that readings from the UIM were
greater at 6 inches of burial than at 0 inches of burial. This was in contradiction to hlih
explosive tests, where there wall a reduction in UIM readings as the depth of hllrial increased.
It wall also found that scaling techniques for UIM readings developrd for h~h-explosive tests
were not adequate for atomic explosioJls an(l I'ef!.'irpd modification. The radius of mine cle,H
ance ".ras not as large as expected, due to an unex;ililined IIklp effect. It was also determined
that weapons detonated III htli¥hls {in reetl greatH than tnrce times the cube root ()f the yield
(In pounds) were not effective for minefield clearance.

1.2.2 Operalton Snapper, Projert 3.4, April 19G2 (Reference 2). The test was designed to
study the unexplained phenomena of skip effect and the lnr-rease in mine actuation with burial
depth found during the Bueter test. The tw ! effectll were again ob8ervlKl. The shape of the ini
tial portion of the pressllre wave Dnd the slo\'l rise to peak pressure were proposed as possible
answers to the .kip phenomenon. The increue in mine actuation with depth of burial down to
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6 inc he;; was thought to be caused by lht. Jhape of tne incident pressure pulse and an extraneous
surface effect. It was p.Rtimli.ted that for optimum or near-optimum range of clearance, a weap
on should be detor.?ted at a height (in feet) eQual to the cube root of the yield (in pounds).

1.2.3 Operation Upshot-Knothole, Project 3.18, March 1953 (Re~erence 3). Live mines were
tested for the first time under a nuclea.r el:plosioll. The M-15, M-6, M-14, and the UIM were
empluyed. The skip ef!ecl and increalle in actuadon with depth of burial were again observed;
however, the increasa in pressure-pbLte deflection or mine actuation with de}>th was considered
insignificant down to about 6 inches of burial, and beyond that depth deflection (or actu~tion) de
creased. The first quantitative ell:planation that might account for part of the above phenomena
was given. It was theoretically shown that if the pressure wave has a gradual rise to its maxi
mum value, an increase in pressure-plate deflection can occur with an inc':'ease in burial depth.
It was Shown, also, that for the lollft pressure rise time, normal In nuclear blasts, static con
siderations should govern predlcllon cf the activation of mines. The static response of mines
to nuclear blasts is generally less than the mine response under dynamic high-ell:plosive loading,
the probable reason for the phenomenon formerly referred to as the skip effect. The live-mine
field data showed that sympathetic actuation increased the range of mine clearance for M-6
m:nes. Sympathetic actuation or blast-induced actuation is the actuation of a mine caused by
the explosion of another mine. In a nuclear detonation, the blast of :l mine explolilion may rein
force the basic pressure pulse and cause a greater percentage of actuation I,f adjacent mines.

1.3 WAVE THEORY AND LABORATORY ANALYSIS

To determine the effert.. of bL.J.:t un Vl"l!ssure-activated mines, consideration has been given
lu both the variations of the shock pulse and the theory of mine actuation.

1.3.1 The Precursor Wave. The precursor wave phenomenon can have an important effect
on the clearance of mines by bl~st. One of the essemlal differences Letween !'igh-ell:plosive and
nuclear explosions Is the tremendous ther",'al rl'diation associated with nuclear detonations.
When the thermal radiation reaches the ground surface, a heated layer Is formed at the earth's
surface. This layer i:; composed of air a!!u dust particles whese resultant density Is consider
ably higher than the density of air. This layer Is formed prior to the arrival of the shock at the
ground-air interface. It is believed that this results In a higher particle velocity in this medium.

Therefore, after reflection, a pressure wave (known as the precursor) travels along the ground
ahead of the main shock. The succession of the two pulses results in a total pressure pulse of
long duration with a long rise time to the IJeak pressure. Since some of the Initial energy of the
shock has been utilized In the creation of the precursur, the peak pressure Is less than would
have been expected from a free air shock at comparable ranges. The passage of this long
duration wave of slow rls3 time causclS the mines to react as tholllh undel'lolng static compres
sion, rather than loading from a step Impulse. This type of behavior Is nperlenced until the
main shock r.atches the precursor and the two merge Into a single sharp shock front. In this
latter region, the milles react as tho~h struck by a suddenly applied load.

1.3.2 Laboratory Analysis and Mine-Actuation Tht'ory. To evaluate mir.e behavior under
blast-pressurl:' loadln~, a contract was Initiated by the Corps 'J( Engineers with Midwest Research
Institute. The objectives c,f this contract were to obtain extenSt'.'e data on the characteristics of
pressure-activated land mines unllt'r both !Italic and dynamic loading and to develop a reliable
theory to predict pressure-type mine actuation under varying conditions of loading, depth of
burial, and type of soil (Reference 4). Oue of the simplest theories developed for mine actuation
was to simulate the mine with a linear one-degree-of-freedom mass-spring system. In this
analogy, the pressure plate was the mass, and the spring force of the pressure plate was the
resisting force that was proportional to the dlBplacpment of the mass. In general, the loading
force on the mine wall suddenly applied; however, tn!' theory was extended to give results with
a gradually applied loading force. Procedures were d.)veloped for linearl:r.atlon of the actual
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non-linear pressure-plate spring ':>rce. The mine body was assumed rigid, and no considera
tion was given to soil elasticity under the mine. Consideration of the soil over the mine could
ue tclten into account by the addition to the mass 01 tlte pressure-plate of a portion of th" mass
of the soU over the pressure-plate. The theory was developed primarily for leng-duration (50
to IOn meec) pressure pulses of low amplltude (10 to 30 pSi).

A comparison of thl:! above theory with experimental data from a dynamic mine-loading device
Indicated that the theory predicted true mine-actuation pressures within 30 percent for a number
ot the mine types (TMi-43, UlM, M-15, TMDB, TM-41). This theory, in conjunction with the
~ata on static mine characteristics, served as a basis for determining the overpressures at
which the mines were to be placed.

Other, more-elaborate theories were developed to include the mass of the mine body, elastic
ity of the soil under the mine, and the behavior of the soil over the pressure plaie. Detailed
anallfsls of these theories is to be found ill Reference 4.

15
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Chopler 2
PROCEDURE

2.1 SHOT PARTICIPATION

The mine-field clearance test was conducted during Shot Priscilla in Frenchman Flat at the
NTS. The device had a yield of 36.6 kt and was fired from a 700-foot balloon (1.67 Urnes the
cube root of the yield in pounds).

2.2 INSTRUMENTATION

A Ballistics Research LabOratories (BRL) seil-recording pressue-time gage was placed in
the center of each live mine field. SimUar gages were placed at the beginning of the arc on the
inert sidE: of the mme field (Figure 2.1). It was anticipated that a compal'lson of any two records
at the tlame ground d~3tance would show the extent to which ths pressure pulse from tlie detona
tion of live mines reinforced the basic nuclear pressure pulse. In addition, thrEe special
pressure-time gages, mounted in conventional M-15 mine cases, were buried with 9, 12, and
36 inches of cover at 1.250 feet from ground zero to test the gage performance and to supplement
other pressure-time records.

Waterways Experiment Station (WES), under the auspices of Project 3.8, took random soU
samples in Frenchman Flat of undlsturbed soU and found good hom~g<!neity down to depths of
at least 4 feet. In addltlon, eleven samples of disturbed soU were taken at depths of from 3 to
36 inches. These samples were obtained from shafts which had been drU1f!d and refHled, there
by slmuiating the actual procedure c~ min:: :>urial. ':ach of the samples was analyzed to deter
mine the density, water content, and modulus of deformation.

2.3 TEST ITEMS

The following mines were used in the test:

Origin Type ,Figure

USA M-1S 2.2
M-19 2.3
UIM 2.4

Danish MI·n-1 2.5
M/47-U 2.6
M/52 2.7

Italian CC-48 2.8
CS-n/3 2.9
SACI 2.10

USSR TMD-B 2.11
TM-(l 2.12

Belgian PRB-Jm-49 2.13

German TMi-43 2.1 '

French Model 19: , ~.' -
Brillsh Mark vn 2.1']

18
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2.4 PLACEMENT

Estimated overjlressures for the various probablUtles of actuation are presented in Table 2.1.
Predicted overpressures as a function of range were taken from the oUicf.al test predictions
(Flgure 2.17). ProbabUlUes of actuation were obtained from a atatistical ao.&lysis of laboratory
test, (Reference 4). Pressur•• for the location of mlne nelda to obtain 10. 50. and 90 percent
probablUty of actuation were determined by combining this laboratory inforr."ation wlth the pre~

dicted rangn. From the pretest predictions of thE wave forms and the predicted pressures, it
appeared that the precu!'lIor would playa 8(gllUlcant 1'018 In mine actuation to apprlJXlmately
4,000 feet from grclmd zero. This meant that since the natural periods 01 th~ mines were short
compared to the predicted ris. tin,. of the atomic blaat, static actuation pr~asures aoould be
used to determine the ranges at which most of the mines Ifhould be placed. The one exception
to this rule wa . the M-19 mine which was planted in fields determined by its responae to dynamic
actuation pre88ures, Be~·au.e llmitett IraIvrmation on actuation prellaurea for the M·19 wu ...n·
able, it was placed in nelda in alld on both sides of the estimated transition recion (from a wave
of slow rille time to a sha;ll shock). These considerations, coopled with the availability of the
mines, ied to the decision to place the M-19 in five fields covllring a greater range of pre.surea.

.. ,~.C'

'. ~""
·'·f.t,/:'i ".:. . .

-.r;' i! ',' 'I '\
~.::t\\1 . . ," .

Figure 2.11J Hritish, Mark VO.

" '"

"

t y.

Flgure 2.15 French, Model 1951.

2,~ LAYOUT

TI\. project layuut ie Ilhown in F1I\Irs 2.18.

2.5.1 1I.-rl &Ad Live l41ne Flelc1a. Mines in both t'le inert and live fields were bJried with
8 *"f.1iicbii'Of 80U cov«r;-"'Plac.menc hol•• were drilled b)' an ••rtI: aUjJu with a :1O-lnch tUam
eter bit. The pl.&cemen; pattel'/l ft)r ,.ch type o( ml'le ~~. ~~e lIIert mine fie ida 18 slwYr'n In Flg\Ire
2.13, Inert modell C'f the M-52, PRB-ND-411 aId )/'/47.11 mlnell were e'oIuipped with live detona
tor., since Inert detonator. were not ',vaiiable (01' these mine•.

The live mine-field pattel'n III 'hown in F4rure 't.ZO. rare;vas taken in thE! spacing o( the
live mine lields (l. e., tile spacing between each field/ .0 that the "ffeet. of .,mllllthetic deton.
tiM, or actuation, 'WOuld be confined Within each field. The British Mark vn mine, which nor
n,ally req"ire8 tWl1 preuure puleell {co' actuatloll, WIl. IT'echAnl~al\y al'med when placed III Ii live
mlnn field ItO that a 81/1flle pre.llure pili•• CDlJld dlltOIlAI.// Ihe mine. Th,. armIn, WlII nel'eSlaTY
f.ln~e no recovery of Ih',! mine. not uelnn. ted b, the nudear blaat was tll be made and thHe'ore
it would not be pouible to deter,"!"" l! lht 'U1.I! had I';!Cl'lv~'<I suffldent I,renure 10 ar,n tllf mine
if artuatlon did 1I0t O(,(UI'.

2.5.2 Oeptl. r' 3urial In Mine Fleldt. l~llth of burl.l I' fleflned aBo th.. 'Amount of covu 0""
t~e preuure pi: c-of the mine. Thl! viM "nj TMI-43 miner; were used in t.'le rt~ptfHJi-burla.1
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investigation. The static pressure required to activate the TMi-43 mine ranged from ~9.2 psi
fnr I-percent detonation to 52.4 psi for 99-percent detonation. Previous work indicated that
there was good correlation between UIM readings and predictions of TMi-43 mine activation.
Layout of a typical depth of burial field Is shown In Figure 2.21. The UIM fields were placed at

~

DEPT.. OF COVER
OVER MINES liN.)

0 r o 0 0 0 o 0 0 o 0

~~.to 0 0 0 o 0 0 0 0 0

6 w~o 0 0 0 o 0 0 0 0 0

"wi

9 to 0 0 0 0 0 0 0 0 0

"w

'2 to 0 0 0 0 0 0 0 0 0

~:

.s to 0 0 0 o 0 0 0 0 0

"U);

36 L o 0 0 0 o 0 0 0 0 0

Figure 2.21 LaY()~lt, depth of burial.

ranges where overpressures of 5, 8, 10, 15, 21, 30, 40, 50, and 60 psi were predicted; two
fields each of TMI-43 mines were placed at 40, 50, and 60 psi ranges. A complete description
of the operation of tt.e UIM is Included In previous te<;t reports (References 1, 2, and 3). Labora
tory analysis by Midwest Resea:.::h Institute mdieated that the gap between the bottom of the pres
sure plate and the top of the fuze was a vital factor In Q<;l!ermlnlng the force for actuation. This
information, coupled with the fact that the Indicator readllllIs In the region of 0 to 10 mils were
of questionable reliability, led to a decision to Increase the accuracy of measuring the response
of the UIM In the lower pressure regions. Accuracy was Increased by the setting of the Indicator
pin to within 2 mils from the under aide of the pressure plate. Under these conditions, the de
flection of the pressure plate could be measured when the det\ectlon was less than 60 mils. The
setting was not made at ranges and depths where It was bellevt~d that ih~ deflection would exceed
60 mils.

For the same reasons, the gaps were alFf; measured for all l'MI-43 mines before placement.

2.5.3 Change from a Static to a Dynam.· Pressure Pulse. In order to better determine the
region wl.ere the main shock overtakes the precursor ;lnd the steep-fronted shock begins - (that
is, where ioading changeu from I'Jtatic to ·"ynamic), five UIM's were placed every 41 feet from
3,000 tc 5,320 feet from ground zero all with 6 Inches of earth cover (l";'igurp. 2.18). It was ex
pected that th<! range of placement woutd provide Indicator readings ovel' this transltlvn region.
The ranges of 3,240 and 3,280 feet were omitted since there "NU already iJ. UIM field at 3,250
feet from grolincl zero. On all these mines, the gap was set li.l 2 mils.

2.6 MINE-FIELD CLEARANCE PROCEDURES

Before each lI... e mille was pianted, a %-pound charge of TNT, wrapped with d~tonatlng cord,
was Dlaced In the botu>m of the hole. The detonating cord was placed In a 6-lnch trench as shown
in Flgur~ 2.20. This p:ovlded a means of detonating any live mines that ha.d not been artuateli by
the nuclear blast. AlOrl.1 photogra?hs were taken of the entire mln~fleld area just prior If) and
Just after the nuclear l"xpioslclI1. The pretest phott.graph was to be used for comparison with
porJsbot phC'togr-.phs alld r..'r postshot recovery orientation. 011 dr'urns filled with soil were
place<l at the corners of the !lelds ~or fl~ucl.al markers.

28

SECRET



Chepler j

RESULTS ond DISCUSSION
The mine test results were satisfactory. Useful actuation data were obtained for most of the
live and inert mines. The UlM and TMi-43 mines gave pertinent data concerning variation of
mine behavior with tJepth of burial.

3.1 INSTRUMENTATION

3.1.1 Air-Blast Measurements. or the 56 pressure-time records desired, only 28 complete
records were obtained. Nineteen records presented only peak overpressure; six records were
only partially complete; no records were obtained at three statlons. or the peak-pressure rec
ords, thrl'l' Wl'rl' from peak-pressurl' gages. Pre-activation and gage maUunctlon, the causes
of which are discussetJ in References 7 and 8, were (aclOrs which contributed to the loss of
records.

For the epecial pr~ssure-timegages mounted in M-15 mine cases placed at a range of 1,250
feet (actual overpressure of 76 psi), two of the three records were destroyed when the mine
casing was crushed. The third record (Figure 3.1) sened as a source of information for the
pressure on a mine at a burial depth of 36 inches. It is believed that had a filler been placed
in the air pocket around the gage, crushing would not have occurred.

Pressure results are compiled in Table 3.1. The graph in Figure 3.2 shows the predicted
and experimental curves of Dealt overpressure versus range. The experimental curve was based
on the results obtained from ·lte gages on the inert side of the mine field and data fror he~'

projects. Figure 3.3 shows pres!!ure-time records taken from stations where campi' 're&Pure-
time histories were recordt;d.

The amplitude scale of the pressure-time record can be estimated from the peak pr~lIsure

tabulateo in Table 3.1. The time scale is apprOXimately 62.5 maec/in for gages at Stations lA,
2A, and 3A, and approximately 200 msec/ln at all other stations.

3.1.2 Soil Calibration. Results from the various Doll tests are shown in Table 3.2. Reference
5 gives additional details or. soil measurements.

3.2 INERT AND LIVE MINE FIELDS

Results fl'om the live and inert fields, along with actual overpressures and probability levels
of actuation. are presented in Table 3.3. The data on each Held are contained in Appendix E.
Figure 3.4 is a postshot aerial photograph of the mine Held area. It shows tha general condition
of the entire field. 'rhe craters pictured on the photograph indicate the number of live-mine
lietonations. This Information was useful in planning recovery procedures.

3.2.1 Determination of Cumulative Probability Distributions. Air blast records show that
the precursor in the 1,370 to 3,250-fooL range had a reasonably sharp rise wltit the time to peak
varying between 3 and 24 msec. The one-degree-of-freedom theory with a gradually applied
luad (Reference 4) indicates that for these rise times, most of the mines e:hould respond with a
pressure plate deflection greater than the deflection for a static load of the same amplitude. In
other words, the mine rellponse to the prec1JrBor is between purely statlc and totally dynamic.
As a result, the peak pressurp. of the prec.lrsor necessary for actuation would be les8 than the
static actuation pressure. The records did indicate that the precursor was sometimes respon-

(Ttlxt continued on Page 38)
') ..,.,
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Figure 3.1 Pressure record, minE' pressure gage.
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Flgure 3.a Pressure records.
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STA 7C

STA 70

ITA 7£

STA 8A
, ,

Figure 3.3 '::ontinul·d.
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ITA 8'

STA 9C

Figure 3.3 Continued.
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STA 9C

STA 9£

STA lOA

STAIOF

Figure 3.3 COl dnued.
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STA IIA

STA liB

STA 110

S'fA t3A

STA t3C

Flgur . 3.3 Continued.

33-34

SECRET



1

I

I. ~
'~;4~\

"'4:
'"

/

"

fJ'I i
" oJ.

. "



•

•

1',~":'J ...,
~' ..~. f·"

3&- '8
SECRET 2



'.y

l'··r..
" .

",,:

.~.

3

!



TABLE 3.1 AIR-BLABT MEA8UREMENT8

pio"idici;d R ...onieo
Type of Llv.

P.rCf!Al "I
P.....re

R...... Peall P.a11 MI.... R.m.rk.
8V1Uon Mlnell.ldOvery........ Overp......r. ....uvated

Ii pel pal

IA 1,250 ao 16 Nona Pr....raor In.ompl.te

2A &,370 &0 50.& Nona
2B &3.7 lUI 80 Puk p......r. only

3A 1,&00 40 43.a None
38 43.0 1151 80 P."" pr....... oaly

4A 1.100 31 33.3 Nona Paall pre••ur. only

48 387 CI-42/3 '0 P.a11 pr....... oaly

6A 1,720 30 2& .• Nona
IB L;. Merk VII 10 Main .bock oU ..,a1.
ie 14.4 SACI 30 Main .bock oil eaal.

aA 1,860 21 20.a Nona
aB 12.1 1111 40 Peall pr.....r. oaly

4C M/47-1 100 No ..cord

80 33 3 Mark VII 0

'E 1,8&G 2& 27.0 CC-48 40 P.....·Uvated

IF 16.4 CI-42/3 70 PreaeUvat.d

7A \,'90 21 lC.O N_
7B 17.8 lIIark VII 0
7C 17.8 111/47-1 '0
70 1&.1 TIII-41 10
7E 1t.2 TMD-3 10
7F 26.1 SACI 10 Partial R~.o.d

IA 2,120 It 1I.P N_ Pr.a.Uvated
8D 13.7 CC-48 10

'C 16.' Mi47-1 10 PraacUvalfd
80 I~.' T1lI-41 0
8! 14.1 TloUl-B 20
8F 18.& c~-42/3 20 PreacUvr,t.ed
80 18 2 PRB-ND-4t 100

'A 1,290 16 10.4 N_

'II 12.' PRB·ND-It 70
Ie 2,210 16 8.1 111 /47-11 80

'0 14.7 W/'2 14.7 Prea.Uvated
IE 10.1 'rIl'-(1 0
IF 10.' T~.m-R 10.'
f() 14.7 SACI 0 P~nacltYAted

lOA 1.820 II 10.1 "-
lOB 11.1 III-U 0 PreacU._
IOC '.4 PR8-ND-1t 0 ;·....,11._
IUD 10.4 111/47-11 70
10E 111/82 00 No R••ord
lor I.' CC-" ~

lIA 1,720 10 •.7 N_
liB '.1 W-16 0
lIC 10.4 111-" 70 I"r.aeUvated
1111 \0.7 M/47-11 10
liE '.2 "'/82 0

lilA 2,"0 100 ...- P.a11 pre.... re I'" UMd
12B '.e M-" ',9 P..... ,....,..·re .. uN

1M 3,260 '7 N_

"II 0.1 M-16 0 "reactivated
I3C IU M-It '0

14A 4.630 1.1 Nana No r.cord
148 '.8 M·I' 100 Paall pr....... I"• ....d

I~ I,no &.4 tl_ PrU.,lIvated
III 10.1 M-It 100 1iI000r did IlOt I'\IA

n
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sible for actuatir.g some of the mines. i.1 the um..sual soil conditions found in Frenchman Lake,
where the precursor is pronounced, the maximum pressure may occur in the precursor and
therefore corrections should be made to the predicted statiL actuation pressures to ~djust for
tlllS dynamic effect.

Cumuiative probability curves for each mine type were computed for static pressure IOllding

by calculating an equivaient static pressure for the inert min'" field data. On each cPrve the
equivaient static points are plotted with the actual test points.

The procedure for fitting a cumulative probability distributiun (0 the test poi:':ts using normal
probability theory is as follows:

Where: P
Pa

a
y

P = Pa + Y'J

mine-field pressure
pressure for 50 pel'cent mine actuation
standard deviation of pressure
probability factor

(3.1)

The vaiue of y is a function of the percentage of mines that actuated alld is obtained from Iwrmal

TABLE 3.2 SOIL CALIBRATION

1,400 to 2,:..;.0~8..:..()..::p~s..:..i__...:I:.:•..:..75:.:5~p!:.:s:.:i_

Measurement

Density
Water Content
Modulus of Deformation

at 50 pi-i (disturbed soil)
Modulus of Deformation

at 100 psi (disturbed soil)

Range

66.5 to 74.5 pcf
4.9 to 12.0 pet

685 to 927 psi

Average

69.1 pcf
8.2 pet

810 psi

(3.3)

probability tables. Values of y for various mine actaation percentages are tabulated in Table
3.4. The principle 0f ~cast squares was applied tl) H.e data to obtain a straight-line fit.

P _ ~y2 EP - Ev EPy (3 2)
a - - n Ey2 _ (Ey)2 .

nEPy - EPEy
a = r.~y2 _ (Ey)2

Where: n = number of mines ill t~e field.

Once the above two parameters have been determined, the cumulative probaoility distribution
can be plotted with the ht'lp of Table 3.4 and Equation 3.1. Because of the small sample size and
the questionable reliabl1:ty of certain pressure measurements, the percentages of mine actuation
observed for the test must not be interpreted as the true values.

US M- 19. The cumulative probabUity distribution of the M-19 mine is shown in Figure 3.5.
Only three of the four test points were considered in determining the curve. The highest test
point at 93.3 percen. actuation was assumed to be In error and therefore discarded.

For the 93.3 percent actuation point, the true actuation percentage will lie between 72.1 and
99.2 percent in 99 cases out of 100. For the 46.7 percent actuation test point, the true percentage
will fall between 24.0 and 70.6 percent. The lower limit of the 9~.3 percent point does not over
lap the upper limit of the 46.7 percent test llOint. For the true vallie to fall within the expectation
limits of both slm1l1taneo\l3~y, there must be an overlap of limits, and the probability of this
simultaneous occurrence Is the product of the two l"\'els considered. For the two points In Ques
tion, a higher percentage level would have to be seu~ ~ted to obtain overlap. Since the tlAVt:.:l.&livlI
limits of thA two points at the 99 percent probability level do not overl...p, the wide difference be-
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TABLE 3.3 UVE AND INERT MINE TEST RESULTS

P.ak
Perc.nt Actuat,;;r-

Mine Ty.,.. Hane" !\c:.u&l
Ovt-rpre....r. Uye ,..rt

ft-- pelo

Fr.nch Sl 1,310 6C1.5 80 10.n
.1,500 43.6 80 60.0
1,8~)0 20.6 40 II

CS-42/3 1,800 33.3 90 96.1
1,850 20.6 10 50.0 TABLE 3.4 ABRIDGED CUJlVLATIVE NORMAL
2,120 11.8 20 80.0 PROBA81UTY &ISTRIBUTION

M.rk VII 1,720 28.9 2(; 3.3
P - P,1,8S0 2tl.8 0 3.3 Poerce:lt Mine ActuaUOII y •

1.990 18.0 0 0 t7

SACI 1,720 28.9 30 81 0.5 -2.518
1,990 18." 10 8.1 1.11 -2.32~
2,290 10.4 0 3.3 2.5 -1.9to

M/47-! 1,850 20.6 100 5<1.0 S.O -1.645

1,9&0 16.0 90 Ll7 10.0 -1.282

2,120 11.e 10 26.1 15.0 - \.038

TMD-B 1,990 18.0 10 20.0 20.0 -1l.842
2,120 11.8 20 48.7 2S.C -0.814

2,290 10.4 10 43.~ 30.0 -0 524
35.0 -0.3115

TM-U 1,990 18.0 10 70.0
2,120 11.6 0 86.7 0\0.0 -0.253
2,JtO 10.4 11.3 46.0 -0.128

50.0 0
CC-48 1,850 20.0 40 48.1 &5.0 0.126

2,120 11.8 \0 10.0 60,0 0253
2,520 10.9 0 13.3

85.0 0.385
PHS-ND-49 2,120 11.8 100 83.3 7G.0 0.524

2,290 10.4 70 18.7 75.0 0.174
2,520 10.9 0 80.0 80.0 0.842

M/52 2,290 10.4 90 90.0 85.0 1.0Sll

2,520 10.9 90 90.0 90.0 I·U2
2,130 8.1 10 83.3 1:',0 1·145

M/41-11 2,290 10.4 80 48.1 .'.5 1.860
2,520 10.9 TO 81.7 H.O 2.au
2,7311 8.7 80 73.3 ".5 2.171

M-IS 2,520 10.9 0 0
~,730 8.7 0 0
3,260 8.7 0 0

M-19 2,730 8.7 79 93.3
2,870 10.0 50 83.3
3,250 8.7 to 48.1
4,530 f 100 100.\
5,320 S.4 100 16.1

• Pr....ure illuu taken from pc., pl.ced on Inert .Ide of
mlneflelel.

t No record obtalne~
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tween these twu points would occur less than 2 percent of tl:'! time in a random sample. If such
an extreme sample were encountered, an error would result ill its use. Discountlng the possibil
ity of such an elttreme sampl~, then one or both of the points must be in error. In view of the
relative position of the other test points, there is a greater likelihood of the upper point being in
error than the lower point. Therefore the high point was discarded as either being in '!rror or
coming !rom an extreme sarnple.

1I S M - 15. Tes~ l'~su1ts of the M-15 mine (Table 3.3) show that none of the mines actuated
from the atomic bl!lB~. Reasons pUdlcted probability lev~ls were not attained for t ..e M-15 mine
were twofold: (I) overpressures obtained in the test wer~ lower than predicted, and (2) the mean
gap on the M-15 minelj used in this test was about 0.240 inch. The ga~ used in the static meas
uremenw on wilich predicUolllI were based was only 0.J06 Inch. This vas discovered too late to

21'1III•
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Figure 3.~ Cumulative probability distribution for US M-19 mine.

modify the tl'lIt ranges for placement (Reference I). Indications are that with the M-15 mine an
increase in pressure for actuation of slightly over 3 percent would be needed for every 0.020
inch increase in gap. For the mean gap difference of 0.134 inch applicable here, a 22-percent
increase in actuation pressure WIluld be expected. This shifts the probability of actuation from
90 perceht down to about 5 percent. Therefore, failure of the mines to actuate at th18 level ap
pears reasonable.

The reason for the wide difference in mean gaps between samples employed for the static and
atcmic tests is not known. The difference may be due to variations in manufacture between dif
ferent mine batches. From the available drawings of the M-15 mine, it is not possible to deter
mine the tolerances allowed in its production.

The cumulative probabUlty distribution for the M-IS mine is shown In Figure 3.6. This curve,
based on Student's t-distribution for a sample size of 10, was deterrr.ined from aVlillable static
measuremt'nts and test relults from ttl.. ~ynamic mine loading device (Reference 4). Results
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from the atomic tests were not used although the test points are shown. The mines used in de
termining the curve had a mean gap of approximately 0.100 inch. Probability curves art! about
the same for dynamic and static loading conditions. Although the mine actuation pressure is
normally lower for dynamic loading, compression of air enclosed in this mir.e results in a large
initial reactive force which cancels the dynamic effect.

Da n i s I: M 147 - I. The cumulative probability distribution for the M/47-I mine is shown
in Figure 3.7 The curve was derived from the test data by the curve-fittiug procedure already
described. The p~'obability that the curve should fall within expectation limits at the 99 percent

11.0I t.!I1:.0'.0'.1
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Figure 3.6 Cumulative probablllty distribution for US M-15 mine.

ievel for all three pointe il about a.a? The derived curve does fall within these expectation
limits, but just bareiy 10 for the point of 10Wlst pressure.

Dan is h M147 - I I. The cumulatlve probabillty dlstributlon for the M/47·U mine is lhown
in Flfure 3.8. The mine behavior was not completely ltaUC as !ndlcated by the Ipread between
corrected and ullcorrected test points. The t..st point at 10.4 pili cannot be l'econclled with the
other two test points by conlideratlon of expectation limltl for each of the points. It wu aBBumed
to be in errm' or the result of an extreme sample alld therefore not u.ed in the analysia. Conse
quently, the curve waa determined by the other two telt points.

Dan i 8 h M - 52. The cumulative probability curve for the M-52 mine Is shown In Fl«ure
3.9. The three test points are clustered too clo.ely together to expect an elJ1plrlcal fit to give
8aHIfaciory results. Thus, a reasonable value of (l/Pa based on an approximate average value
for all mines wal IIsumed. From the aBsumed value of (l/Pa and the centroid of the teat points,
the probability curve wa. dl!termlned bv an iteration process outlined In Reference 4.

1tall a n C C - 48. The cumulative p.obablllty curve for the CC-48 mine la lbawn In Figure
3.10. The curve was determined (rom the three test points by the procedure prevlouslv disculsed
for the M-19 mint'.
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Ita 1ia n CS - 4 2/3. The cumulati~.: probability distribution for the Italian CS-42/3 mine is
shown in Figure 3.11. A probabillty curve was initially d~termlned from the three test points by
the method of least squares. However, a negative pressure was obtained at the I-percent actua
tion point. Since this condition could not actually exist, It would appear that the (1 determined
from the three test points was too high. A more-reasonable result was obtahled by discarding
the lowest pressure point and determining the probability curve from the other two points.

I tall an SAC I. The cumulative probability distribution for the Italian SACI mine is shown
in Figure 3.12. The use of all three test points In determining a pr"bRbl1lty curve gave a nega
tive pressure at I-percent actuation. To avoid this difficulty, the probability curve was deter-
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Figure 3.11 Cumulative probability distribution for ltallan CS-42/3 mine.

mined from the two value!! at lowest prellure. This gave a reasonable value for the mean pres
sure and 8tandal'd deviation.

Ru s al anT MD - B . The cumulative probability distribution for the Ruulan TMD-B mine
Is shown In Figure 3.13. For the unusual dlltrlbutlon of the teat points, the usual curve-fitting
procedures would not give valid rllultl. Hence, the curve shown WIl8 determined by as8umlng
a reasonable value of u/Pa and making the curve pass throllith the centroid of the test points.

R u s II anT M- 4 1. The cumulative probability dlltrlbutlon for the Russian TM-41 mine Is
shown In Figure 3.14. Once again, the unusuallOrrangement of test points excluded the use of
nermal curve-fitting procedures. The method outlined above ror the TMD-B was used.

Bel g Ia n P R B - ND - 49. The cumulative probability distribution for the Belgian PRB-ND
49 mine is shown In Figure 3.15. Since lhe telt points are clultered togpther, the method used
for ttl'" Rullian mines was uled to determine this curve.

F r en c h Mo de 1 19 51. The cumulative prob;.hlllty di.trlbutlon for the French IG51 mine
Is shown In Figure 3.16. The curve wal determined from the three tesl points by the usual curve-
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fitting procedures. However, a' :he 20-psi range, none of the mines actuated. For a normal
probability curv~. zero actuation is reached as 'i approaches zero which would result in 0' =O.
Accordingly, the test point {or Zcro actuation was atsumed to he til~ value {or 1 percent actuation.

Brit ish M2. r k VH. The cumulative probabillty distribution for the B!'itish Mark vn mine
is shown h Figure 3.17. The curve was determined from the three tcst points by the usual curve
fitting procedures. However, for the reason discussed earlier, We zero actuation test point was
assumed to be the 1 percent actuation point. Although the test points were clustered together, a
reasonable standarr.! deviation was obtained by fitting a curve to the three points. Generally, this
would not be tl·ue.

Gen era I. Parameters {rom which the cumulative probability curves were piotted are given
In Table 3.5. Nearly all the parameters were determined directly or indirectly from the atomic

TABLE 3.5 STATISTICAL PARAMETERS FO\{ PROBABILITY DISTRIBUTION OF MINES

50 Percent Actuation
Stal.daru Basis for(J

Mine Type Pressure, P a (psi)
Deviation. (J p;;- Determination

Static Dynamic
Factor------

USM-15 9.66 1.00 0.553 0.057 Former Static
and DynamiC Test/3

US M-19 8.873 0.65 " 3.555 0.401 Atomic Test

Danieh M/4'1-1 19.205 0.89 5.929 0309 Atomic Test
M/47-1I 14,09 0.59 1.236 0.090 Atomic Test
M/5~ 8.015 0.70' 2.699 J.7:17 Atomic Test

A""umerl .!!..Pa

Itlllia.~ CC-48 20.263 0.65 • 6,659 0.329 Atomic Test
01-42/3 20.600 0.60 6.910 0.335 AtomiC Test
SACI 38.911 0,:19 15.~94 0.393 Atoml~ Teet

USSR TMD-B 15.258 0.73 5.081 0.:133 Atomic Test
U

Assumed r;-
a

TM-41 11.093 0.94 3.694 0.333 Atomic Test
Assumed pU

13

B.elgian PRB-ND-49 9.562 0.65 " 3,184 1.333 Atomic Test
Assumed ~

a

"'r~n('h i:tu.i 44.7..3 0.65 • 11.963 0.251 AtomIc Tl;sl

BrItish Mark VII j 50.430 0.8u" 15.152 (1.300 Atomic Test

• F'~limnl ..(1
t Data are glv<:lI for arm!n" nnt actuatlon of mIne

test data. T~, addition, a column using dynamic multiplication factors Is Includold In Table 3.5.
These are multipliers used in c'lmputing prel8ures fol' 50-percent actuation under dynamic lond
ing. The ~lllue of p. fo,. static conditions fo1' any mhe type Is multiplied by the dynamic cor
rection factor to determine Fa for dynamic conditions. The pressure ratloll were det03rmined
from tellt results using the d)'namlc mine loading device and either the static or nuclear test
results. The coeUicientll of variation from th~ nuclea! test rf'sults were U6ed to correct the
dynamic reslllls 10 a SO-percent actuation pressure. In all casell, the dynamic values were based
on a sample st:te of 10 or lellll. Consequently, reliability was poor.

This calculation w\ll be used When dY'lamlc loadin~ is probablc, t. e., when devices are deto
nated over surfaces for which the liJtcllhOO<' of precursor formation is small.

A comparh.on of the actual test points anu the test point" corrected to st.Jtlc pressure Indicates
that the behavior of mines to .. tvml:: biast (this test In partinllar) Is generally static. A few of
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the mine-fields had a slight incrtoase in percentage of actuation due to the dynamic loading effect
from the precursor wave.

in stalic measurements, the value of (]/P3, was tound to lie betwee'1 O.Ob to 0.12. From atomic
test results (]/Pa was found to have an average value of about 0.33 with generally only a small
variation about this value. A larger value of (]/Pa was to be expected In the field telil fur Iwo
reasons: (1) conditions were not as closely controlled as In the laboratory, a.ld (2) variations In
soil paramet2rs and depth of burial were present in the field test but not in thl' static laboratory
tests where the mines were not buried. The reliablllty of the probability predict.lons could be
improved If larger samples of ~ach mine type tested by this p,'oject were tested In the laboratory
for static and dynamic response.

3.2.2 Sympathetic Detonatiun in Live Mine Fields. An analY!:lis was made of the live-mine
field data to determine thelncrease In percent of actuatlop. due to the mine b1:lst pulse super
imposed upon the atomic blast pressure wave.

It was thought ad\'lsable to first determine the probability that sympathetic detonatloi was
present. Since small sampleR of mines were Involved, It was possible that an Increase In actu
ation in the live mine fields could be due to chance variation alone. It wlll be assumed thll.l. when
two or more adjacent mines in a live mine field detonate, sympathetic detonation Is a possible
cause. In 'I. ranrtom geometric dllitrlbution of mine detonations, sympathelic detonation may have
been a factor in increasing the percentage of mlr.e detonations. In a random geometrIc distribu
tion of detonations, configurations favorable to sym}lathctlc detonation wlll occur. If the proba
biUty Is small that conditions favorable to sympathetic detonation occur randomly, then some
other non-r:J.ndom factor Ii' res,X>nslble. It wlll be assumed that this other factor Is sy!r.pathetlc
detonation. The pro~l"iliLies for all random combinations t" "1lne actuation are given In Appen,
dlx E. Since the likelihood for sympathetic detonation varies for dlIIerent actuation patte1 ns,
the probabilities are ranke:' In ortler of favorabillty, 'with the most favorable patt~rn listed lIrst.

The cumulative probllbl~lty dlstrlbutionl'l and the c.llculated geometric mine-actuation distri
butions from Arpendlx E were used to establish the existence of sympathetic detonation. On thE
assumption that the cumulative probability dl.strlbutions wet'e correct, the probabUtty 01 a ran
dom bamplc f~l!ing a certain dlstai'ce from the curve was determined. A detailed procedure for
computing these probabilities Is given in Appendix E. The further the test point was above the
cumulatlve probability curve the more favorable were conditions for sympathetic detonation.

Fer t~e majority of mine types, the various probabilities associated with random events
favorable to sympathetl: detonation are given In Table 3.6. No results are given for the M-15
mine, since none of the mines actuated. Results from the lin l'MD-B and TM-41 mines are
believed to be In error, and therefore are not Included. The United States replicas of the Rus
slan TMD-B :lnd TM-41 mines use the same fuze. The detonator In the fuze has a small anvil
just beneath the surface of the detonator_ As the fuze actuates, a sprllli-ioaded hammer Is
released to smash against the detonator. A slight m:sallgnment, hONever, between the hammer
and anvil wl11 reltlilt In the detonator fallilli to fire. For this reuon, It was thoUlht that the
test values in the live fields were low, since the Russian version of the mine has a more sensi
tive dE'tonator for which alignment Is not critical.

Table 3.6 Indicates that since the probability Is high fOl' the occurrence 01 a random actuation
pattern which Is at Inst as favorable to sympathetic detonation as the pattern encountered In the
test. Therefl)re, little can be learned about sympalhetk d"tonatlon from considering ranclnm
geometric actuation patterns.

More can be learned by consideration uf random tesl point variations aboul the cumulative
probabllily curve. The poaslbUlty of a random vcrurronce of points as far away h-om the curve
as encounterl'd In sOllle of the live n·ine fields Is remole. It would appear from analysis of the
data in Table 3.6 that sympathetic delonatlon did occur In the live fields of the M-19, w'n-I,
M/47-0, and Model 1951 mines, and did not occur III the M·;J2, CC·48, CS-42/3. SACI, PRB
ND·49, and Mark VO mine fields.

i\ quantitativE' answer to the synlpalhetlc detonation question Is difficult to obtain from lhe
available data. A correlation was made of the perCEnt increase in pressure with the Increase
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in ;actuation between the live and inert m...e fields. The results were inconsistent.
It was hoped to obtair. some information about sympathetic detonation from interpretation of

the live-mine-field pre5sure records. This could not be dune due to the difficulty of distin
guishing noise on the records from added mine-detonation Impulses.

TABLE 3.& PROBABII.ITY OF RANDOM SAMPLE BEING FAVORABLE TO
SYMPATHETIC DETONATION

Mines
~obabi}ity of Random Sample'

Mine Tv!", Range
DetonRlinr t1eometric Binomial

Combined
Evenls

It

US M-19 2.730 7 0.432 0.141 0.061
2,870 5 0.952 0.865 0.823
3,250 9 1.000 0.008 0.008
5,320 10 1.000 0.000 0.000

Danish M/47 .. t 1,850 10 1.000 0.01.15 0.005
1.:190 9 1.000 0.000 0.000
2,120 1 t 0.651

M!47-11 2,290 8 ~.711 u.U37 0.026
2,E20 7 0.433 0.568 0.246
2.730 8 ·J.711 0.000 0.000

M!5l 2.2&0 9 I.1JOO U.736 0.736
2,!i?(l 9 1.000 0.582 0.582
2,730 I 1.000

ltall"" CC -48 1,850 4 n.686 0.193 0.544
2,120 1 t 0.803
2.520 a

'::5-12/3 1,600 9 1. 000 0.Q65 0.965
1,850 0.133 0.172 0.074
2,120 2 I 0.264

SACI 1,720 :J 0.'133 r 504 0.369
1,990 I , 0.5lfi
2,290 0

Belgian PRB-ND-49 2,120 10 1.000 0.389 0.389
2,290 7 1.000 0.821 0.821
2,520 a

French Mo<lel \951 1.3~O 0.711 O.lIifi 0.601
l,~OO 0·911 u.007 0.006
1,8&0 0.476 0.000 o.ueo

Bnli.h Mad, VI, 1,7:.lCJ 2 0.207
I.~SO 0
1,990 0._----------- ------_.---.- -...

• I'robal>.lIly of a random ...mple bElhIj; a. 1...1 a. favoraLle '0 "~'mpal""li('

dl'lonallon u t~e t".1 BRmple
'sympathetic detonation c('\l!o nol have occurred.
t Value wu not computed .lnce nct\lated mine. were .eparated on II>0t .ympal""tlc

detonation could not have ""clIrred.

!.a.3 UlM ReadlllI at 50 Per~ent Mine Actuation. The UlM reading has been \trtllful in pre
dt~illlI performance of lin 11'inel under h1lh·"ltP(olOlve btut ~oI\\iItLOI\I, Mowever, it hilS nol
proved to be the panac!''' for predlcllllt' IIve-mh... .lrtuatlon under all condillonll (Reference 3).
For an ubltrary type (f loading, the mine iype to \.Ie ueed In conjunction wllh the UIM mUl't have
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similar dynamic characteristics,r "). reliablllty Is to be obtained. TheoretIcally, under com-
riete'.y static or dynamic load' r zero burial depth, tht' Uni';Hsal I1dlcator reading
should be reliable in predictll 1av.or Irre&pective of the mine. char:lcterlstlcs. provided
the appropriate UIM calibratio.· ".t has been determined. The UIM and the other mine In-
vOlvee must behave as if both were ,; .•\f,lc ...lly ur JYllalllic;tlly loaded [:)1' the results to be corrcct.
Th'a qualification of zero depth of burial eliminates the effect of fioll ovel thr- mine. At some
depth of burial, depending upon the mine 'llze, soil characlerlstir:s, etc., a brldg11lf effect of the
soil will begin to take place. For the mine types considere,1 her.!, it is believed that this bridg
in, ,'feet will not be excessive at dt,pths down to 6 l:lches.

'i ne UIM readIng for 50 percent mine actuation is given In Table 3.7 for various mines undEir
static loading conditions, The pressure for 50 percent mine actuation was determined from the

TABLE:1.7 VNIVEP.8AL INDICATOR MINE REAOI~;G FOR VARIOUS
:-'lINf:S UNDER STATIC PRESSURE LOADING

.. VIM Pressure
~lin': Type Pressur-, VIM ReacHng P!~te Deflection

-----------PHig----mTTs-·---'---miiS"""-

US M-J5 H.7 61
:>'1-19 8,~ [) 60

Danis:', :,1/47-( 19,2 20 80
M/47-11 14.1 1? 72
M/5~ R.O 0 57

Italian CC-"8 20.~ 22 8~

CS·-42/:1 ~ll.6 22 ~2

SACI J8,H 59 119

USSR TMD-13 15.3 14 74
TM-41 11.1 :; .}~

S"Ij1'ian PRB-l\'D-4R (l,R 61

Germsr, TMJ-4:\ 46,S lI;l 14:1

Fre",:h MOO6) 1:151 41,,7 76 136

British Mal'k Vi' 50.4 98 1;!!-----_.
approprl'.te cumulative probability curve and the VIM reae.ing ler n.at .~tlc pressure (Reference
4\. Figu:~e 3.18 Sh0W8 how well the test data fits the curve develof'ed fron' laL~ratory test8 for
UW deflE-ctlon vel'SUS preflSure. Agrel:mellt Is good at u:ro dep~h of burial.

For otller depths of burial, the data In Aj)p4lndLx F can be employ,~d to compute UIM reading
versus p,·es8\1re. However, even at 1I~... llow buri;ll depU\3, facto.·s tomt~ into plJ.y which result
in an inc/'ealle 1.1 UlM reading wl'~. dept". Possible caUSI?S f(lr this phenomeJlon are pre8ented
later but tile final outcome is to reducl' the reliability of prt'dictlon from (JIM readings.

3.3 m:p'rH-OF-B jRIAL STUDY

3.3.1 Results ancl DI8',uSllon. rhe var.'atlon of \JIM I'p.adings With deplh of burial for a given
ralige is lI!1own In Figure3]'9':-; rom the fl1wre, the following observ~ltlonB ,~an be made: (1) at
overp,'elj/,ures equltl to or great:r thar. 60 ps: a.nd depths of burial less thal/.or ~JquJ.l to 18 Inchel,
the maximum UIM reading was r,btalned (at thl maximum U~M reattlng, the belleVille springs e,f
the mete." have been cc,mpletell' flattened and ne. higher reliable reading can be obtained); (2) th'!!'e
was a 81gdllcant IllI'reue In ,. reSllurl' plate dtfh'cll:1O from 0 Inches of burial tl) depths of burial
between 6 Mel 9 inr.hes with'. maximum response ?cct,rring somewhere between 6 and 9 Inches.
rills behavior was observer. :or overpl'es~ urI's less than alxlut 45 psi. Ce'ntrary to (lU8ervatlorl!'
made for the mine Held cl ~arance ~roJl'ct 01 O1JeraUon Upshot~Knothole (r,efprenl'i:! 3), this In-
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crease was appreciable. Wh<!U'~r or not this phenomenon occurs for overpressures greater than
45 psi cannot be determined, since maximum UIM readings occurred at the high pressures of
60 and 76 psl.

Figures 3.20 through 3.26 al'e included to demonstrate the relationship between the UIM re
sponse with overpressure for fixed <:epths of burial. A straight Une was fitted to the points for
each depth of burial. UlM readings above 160 mils were usually neglected as being unreiiable.

180

Figure 3.20 Variation of UIM reading versus overp'l'essure
for G-lnch depth of burial.

All UIM readings were cflrrected to a 6O-mil gap by assuming a linear reiation eX18ted between
the UIM reading and the gap and fitting .. straigl\t line to the data b}' the method of least equares.

Reason for the extent of the Increase In UlM l'uponlle with burial depth Is not obvious. The
use of one-degree-of-freedom theory to predict UIM deflection under a gradua.ly appU~ load
for a depth of 6 inches gives a maximum deflection 20 percenl greater than the deflection at 0
inches of burial for a statically appHed pressure (Reference Sl. However, at the 1,500-foot
range and 6-lnch burial depth, the lie-wal Increase above static deflection 18 about 65 percent.
10 an cffert to resolve this dilemma, an aaalog computer was employed to apply Unear two
degrees-of-freedom theory to predict the I line behavior (Heft.·ence 4). The ."U over the mine
was considered as a concentrated masll eluticaUy cflur:)l'!d to the j>ressur" plate. The results
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were in good agreement with th(' theoretical results from one-degree-of-freedom theory, but
did not explain the unexpectedly large UIM deflectionF

Since linear theory does not explain this phenompnon, it seems necessary to consider other
eUects. From experimental tests on the TMi-43 mine using the dynamic mme loading device,
It was observed that the second (reflected) pressure wave often actuated the mine even though
the peak pressure was 25 percent lower than the peak pressure for the first wave. The reason
for this was attribute:l to weakening plastic deformation (permanent set) of the pressure plate
by the first wave. Weakening through plastic deformation was also Indicated from cyclic loading
tests made during static force-deflection measurements. For nuclear air blasts like Shot Pr18
cilla there would be a repeated loading on the mine due to the precursor wave. Th18 may be a
contributing factor in the large UIM readi.'1gs.

Another reason for this phenomenon may be nonlinear behavior of the :soil itself. The modulus
of deformation of the soil at the test site 18 known W increaso non~.in:!arly 'Nith the IIl8Initude of
the applied pressure. From earlier test work using the loading device (Reference 4), it was
found that the earth pressure was increased to more than double tIle peak blast pl'essure because
of reflection from a rigid body in the soil. The two-degrees-of-freedom linear theory predicts
thie. However, it was observed that the second pressure wave, occurring about 0,15 second
after the first reflection, produced an earth pressure equal to the earth pressure from the first
Wl\ve despite the fact that the amplitude of the second wave was only about 75 percent of the am
pHtude of the first. It would appear that this press...re Increase could be due only to an increase
in soil deformation modulus with depth after panage of the first wave. In order for this pbenom
enon to occur under atomic blast conditions, lhe modulus would have to change with depth during
load application since the modulus would initially be independent of depth at shallow burial depths.
The mEchanism by which a modulus increase with depth .:ould occur during l.oading may be en
visioned by considering 'he slop!.ng front of the wave as made of a series of Htlle step waves.
As each Htlle pressure wave transmitted through the soil contacts the pressure plate, it 18 re
flected, calWing an Increase in pressure above the pressure plate. Th18 in turn increases tbe
soil density since the tloil is Inelastic, and therefore the modulus of deformation Increases. U
It is assumed that the increa&4ls In modulus increase the pressure, an appreciable variation of
modulu& with deptt. will be d"tectable by the time the peak pressure Is attained, ilnd therefore
~_11 __ "1_, ~ .. _ __ ._
",..-.. I.c:a.&'I.UU uu editeD.

3.3.2 Prediction from UIU Data of Mine Responses at :l6-inch Depth. Since the use of the
UIM lur predicting Hve· ..~lne detoMtion under arbitrary !oading conditions should be llmlted to
mines with characteristics similar to the VIM, appHcation of tJ~ data to predict behavior of
other mine types in generalis fraugbt with danger. However, because no data Is available on
mine behavior at burial deptba below about 6 inches, It would seem wortbwhlle to attempt to pre
dict mine behavior at deeper burial depths from the avaHable UlM data.

Predictiou are made of the 50-percent actuation point for the various mine. of tbb lUt wilen
buried 36 inches deep. It i. beUeYed that at this deep burial depth, an mines will dbpla, about
the same natural frequency. so dynamic behavior should be about the eame for the UIM .. for
other mines. U the mine pressure-plate area and mine deflection for actuatlon corrfllllponds
with that of the UIM, then It Is thougbt that the prediction should be reuonablyaccurate. For
most mines theee iaat two characteristics are not the same as those for the UIM and tbus oome
error il to be expected.

On the basi. of th.se ....umptlona, predicted pressures lor 50-percent actuation of the varioul
mines at 36-lncb burial depth are given In Tablf! 3.8. Values were determined from a .traight
!lOP. fit of UIM reading versus pressure at the 36-lncb depth of hurls!.

3.3.3 Correlation 01 UIM and TMi-43 Mine Test Results. Characteristic. of the UIM and
TMI-d mine are similar. Tllerefore, It Is IQ(lcal to expect that the VIM data can be employed
to adequateiy predict TMi-U mine 1etonatiun for a wide variety of condition•.
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The following procedure ViU used ill ~pplylng UIM data to the prediction of TMI-43 mine be
havior at dlUerent burial depths:

1. A static UIM reading (If 83 mUs was a&sUJr'1d for the TMI-43 mine.
2. Using this value, the corresponding pressure was determined from the stralght-Une fit

TABLt 3.1 PIlElI5UlIE rnA 50 PERCENT M'N~

ACTUATION AT 36-INCII BUlIlAL
DEPTH

Mine T)'pG Pt._MiN, p.11

US M·n 11.1
M-I' 17.1

D.nllh 14/47-1 3.1
N/47-n 3el.3
M/61 13.1

(tallan (;C-4I 41.4
CS-n/3 41 .•
IACI 82.2

USSR TND-B 32.6
TN-41 22.6

Belli... PRB-ND-49 11.2

Ger..... TNI·43 101.7

r ......~N_llln 100.9

BrlUlh kark VII 126.2

on the UIM reading versus pressure curve for the particular burial depth. This pressure cor
responded to the ovel"pressure to actuate 50 percent of the ~MI-43 mines.

3. A value of a/Pa = 0.12 was usumed for the TM1-43 mine. This value ..:os double the
value obtained dur:ng st4ltlc-loadlng tests In the laboratory and appears reuonable for use with
the test data.

TABU 3.' COIIPARI""~: OF TEIIT RESULTS AND PREDICTED
VALUES D"t.;:C vii tiiii U:" REIVLTI ,.OR
TIlI1-43 MINE

Ow.rpreawr. ....-A.-..
Burial Daplh R_.......... f ••

pall In r,,. A_ .. 100 0 I ,no
to.1 A....... 100 0 l,no
43.' n 100 0 1,100,. A_n 100 3 1,110
to,l A_n 100 3 1,370

a,. M 100 Z l,too,.
~ .. 100 • 1,110

to.1 ~ .. 100 • 1,370
a,. A_ .. 1M • I ,too
"f _to 100 • 1,210

10,1 A_to 100 • 1,370
43,' _n 100 I 1,100,.

~n 100 12 1,210
lO.t A_ .. \00 II 1,"0
.3.1 A_n I Oil 12 1,100

7. A_M 100 II 1,210
to.1 A_to 100 I. 1,310..... 1\ .0 II 1,800,. 1.0.. _1 0 Z. 1,2to
to.1 Loll_ I 0 31 1,310
43.1 LoN_ I 0 31 I ,MIl

4. The percentale of TMI-'3 mine. that .hould actuate at the test overpre..ure WlUI deter
mined by normal probablllt1 theory.

A comparl.on between the predicted and actual i.1lne actuation I. ilven In Table 3.9. The
UIM data satl.factorUy predict TMI-43 mine actuation for the varlou. depths except at the 43.6-
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p.l overpre••ure and zero burial dopth. The rea.on for thla dlacrepancy I. not definitely known.
Perhap. the heat wave from the explosion weakened the mine. In .everal depthl of burial fieldIJ
nearest ground zero, the heat was .ufflclent to burn the paint off the pres.ure plates 01 the mines
at the surface.

3.4 CHANGE FROM STATIC TO DYNAMIC PRESSURE WAVE

R~sulte from the special fields of UIM's placed betwun ranges of 3,aSO to 5,320 feet are
ahown In Fl(JUre 3.27. These mine. weI" u..d to determln. if an apprec:~ble lncreue In de
flectlon occurred as the pressure wave shape changed from a gradual to a rapid pressure rlae
over the lnUal portion of the wave. Ftgure 3.27 Indicates that a 20-percent lncreue In deflec
tton doe. occur at about 4,000 f••t. A .lmllar L'lCreue lA actuation at 4,530 feet occurred for
the 101-19 mine.

The.. two occurrences stronglylndlcate that there was an incre.... In 4yumlc responae due
to a .harpenlng of the wave .-·ont.. However, pre'lUre data were lackllll beyond 3,250 feet 80

no quantitatlve correlation 01 thl8 phenomenon with thfOOl'y could be made.

3.5 HEIGHT OF BURST FOR MAXJMUM CLEARANCE

In view of the speculation In previous mlne field clearance operatlone about an optlmum height
of bur8t fer maximum range8 of clearance, It waa conaldered advl.able to Include lU1 overpre8
sure curve extracted from Reference 6 (Figure 3.28). From the graph, determination of the
range of an overpre'8ure lut' a given height of buret la quite simple.

Cube-root scaling should be applied to the resulte for 1 kt to extrapolate for varlOU8 yields
(Reference IS), Figure 3.28 18 only for ioll condltlone Mlmllar to tho.e at the NTS.

eo
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Chopl'f 4
CONCLUSIONS ond RECOMMENDATIONS

4.1 CONCLUSIONS

1. Current procedures are reasonably accurate for predicting mine actuation ullder nuclear
explosions through the use of static actuation pressures along with !nformation on the snape of
the pressure wave.

2. Sympathetic detonation occurs for some mine types for the normal spacing between Uve
mines In standard minE'-field patterns. No quantitati"e explanahon can be given for thie occur
rence.

3. UIM readings increase with depth of burial 10 a maximum value at 6 to 9 inches of cover.
The extent of the increase can not be explained by application of the Unear one-degree-of-freedom
spring-mass theory, and is attributed to nonUnear behavior of either the mine or soil cover or
both.

4. Conclusions fur four subprojects by Picatinny Arsenal, OOFL, Chemical Warfare Labora
tory, and the United Kingdom are included in the respective appendic~s devoted to those proj
ects.

4.2 RECOMMENDATIONS

1. Mine actuation theory should be extended to include onUnear soll eUects In order that
mine actuation may be predicted at depths greater than 6 zhes.

2. A Ueld manucllllhould be p'"))iired for mme clear. ;eby nuclear blast for known mine
type" over a practical range of environmental conditions. Th18 should Include a summary of
the expected changes in wave Shapell as the burst environment varies, with .peclflc remarkl on
the relative prommence of the prflcursor.

::. No extensive efforts should be undertaken to determme ~ quantitatl.·., explanation of sym
pathetic detonation because: (1) sympathetic detonation is not a major factor In determl.ning the
percentage of mines actuated, and (2) ,he mine types affected by .ympathetic detonation were
generally those most easUy cleared by blast. 'IbIs Is I'\ost signlflcant since mme deslin Is
presently concerned with the development of mine. reslsb.nt to clearance by nuclear blaat.

4. Further te.t111i of clearance of conventional-de.ign, i'res.ure-actuated mines by nuclear
bia.t lB unnecessary for the follOWing reasol1l: (1) the tl:chnlques for prediction of actuation are
sufficiently refined to make a rel1able prediction after an adequate Ample of mlnea 18 e..mAud
by laboratory an.1lysls: 1. e., pressures for 50-percent actuation can be determined for various
types of loadilli and actuation probablllty curves can be developed ..sumlng aIPa = 0.33 for
the data under field conditions; and (2) present methoda for predlctilli Pt curves are quite accu
rate. Nuclear fie:d test" might be required for mine desl'l1I not amenable to laboratory analy.ls.

5. Lliboratory testing of larger lamples of the mInes lhould be undertaken In order to Im
prove the reUabUlty of the actuation prediction curves.

6. Recommendations for the four lubprojecta are includP.d In the leparate appel'ldlx devoted
to each lubproject.

81
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App,ndix A

PROTECTION of PRESSURE-ACTUATED
MINES AGAINST NUCLEAR BLAST

The purpose of lbe test was to evaluate lbe effectlve
nes~ of two experimental designs In providing pressure
actuated mines with protection against blast effects
of nuclear explosions. The two designs were code
r:~.mcd High Hat and Partner.

High Hat was an auxiliary mechanical device de
slgtMld for use with lltandard pressure-actuated anti
tank mines anti required nco modlClcation of the mine
or fuze. For thill test, High Hat was adapted to the
M-19 mine and designed to provide protection against
o.erpressuree UP to 70 psI.

The test was to determine whether the design pro
vided reduction of functioning under bl8llt pressures,
llS c?mpared to unprotected mines, and to find the
magnitude of pressure that would cause the protection
tofal!.

Partner WaR a two-mine system In which pressure
actuated. mechanically Inlth.ted mln<!s were modlCied
to prov"ill electl:'lcal Initiation. Two mines with iden
tical fuzes were electrically c(lupled In a manner 8uch
that actilatlcon of either mine Independflntly would func
tion the mine In a normal manner, bllt application 01

pl-euure to both mine plllleS Simultaneously would
prevent either from functlnnlng.

The purpose of this te", WIlS to d'!termlne the func
tlonlng characteristics of tNl system. Means were
provided by which possible causes uf failure could be
tested.

A.I BACKGRuUND

The te.t de.crlbed was Initiated to provide Infor
matlOll for & feulbllIty .tud)' belne conducted by
Plcatinny Anenal (PA) under Ordllance Project TA.1
5926. The purpoM of lbe .tudy was to develop r:~w

pre••ure-.ctuated mine. and .cces.orle. wlt~ rllducecl
vulnerability to the effect. of nuclear explo.lon. and
to provide lltandard pre••ure-.cbl.ted mines wllh slm·
11. r proWctlon.

Preliminary telltlng of Hllh Hal was conducted to
determine the effect of burial de)X1I on the ability of
the de.1p to function wMn .ctu.ted by a tank. Models
were placed In 15-lnch-dlameter hole. In dry, .andy
soli. The holes were .Iopec.: 45 degrells to prp.vent
brlcJcing. It .....s fo"m.l UUII functlonlnl occurred eon
.I.tently unller full lrack coverap with a burial dep·;.
down to 4 Inebe.. An 1014 Sherman tank of .pproxl
m.tely 35 ton. WII uSAd for the t"sli.

No tests were conducted on the functioning of Partner
under s tank, because the design did not change the
functioning characteristic, of the M-19 mine to which
It was adapted. Ho_ver, complete laboratory checks
were made to Insure lbat the electronic circuitry used
In the design functioned dccordlng to specifications.

The two d"slgns tested were proposed means of
providing standard pressure-actuP.ted antitank mines
with protection llItainst the blast effects of nudear
detonations. Both designs were adapted to the M-lS
mine, although their use Is not limited to that mine.

A.i.l High Hat. High Hat con31sted of two cyltnders.
As adaptE:d to the M19 mine, the larger cyllnaer Iwd
an outside diameter of 9.5 Inches and wae I In('h high.
To this cylinder was welded a circular cover \'Illb four
annular slot8; lbe ('omplete unit thus formed was call
ed the base. A eecond cylinder, called the Iwt, was
7.8 Incl 8 In diameter and 1.7 Inches high. Four
notches were cut In the hat, so that It would fit Into
the slots In the I)ase. The base and hat anll the manner
In whl::h they fit. together 'ire sh?wo I~ Fl""res A.l
and A.2.

Within the small area occu~i..uuy Ii mine, the
~res.ures from the I)I.st WI:~e are experienced al
most simultaneously (w1thlr. 1 m...c) by all point".
Since the fcrce experienced by the mine fuze Is pro
portional to the arell of the preuure plate, the force
can be reJuced by chane-IIII the size of the plat4l or by
partially covoriD& It. The latter I. the function of the
bllle of the High Hat. The ~aee Is pi.ced over the
pru.ure plate • ,.t1111 on the .~.tJc portion or the
:-::~~... Tbu., the pT'f"Rtn'....."""lr on the ballll Is trans
mitted to the mlll4 b-A1y, not the fuze.

The cylindrical h'lt fits Into the I'lots Ir. the base
and reate directly or, the pressure pl.te. When In
thl. po'ltlon, the hal Is raleed .lIehtly by the pressure
platAl, wblch protrude. UP under the baH of the High
Hat. This can be _n In Fll\lre A.3. Whl'n pressure
I. applhld, lb. hat Is forcel' ,.)wn, depr...lng the
I'reasure plate and functioning the !uz... Because
only the prell8ure Ilclln~ on the compar.tlvely .mall
area of the hat Is transmitted to the fuze, appro:cl
mately '10 pel Ie required to cause functioning. By
co-,j)arlson, an unprotected M-19 mln-, can he expect
eo l"l function under about 9 p.l.

A tank, however, doee not ellert a uniform ground
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Figure A.I High Hat, Bhowllll the baBe and hat _par.ted.

Figure A.2 High Hat, showing bnse and hat auembled.

Figure A.3 Hllth Hat mvunled on an M- ,9 mine. Four
brackets prevent base of Hllth lIal from slipping
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pressure. The tank track Is not deformable, 8S Is·
pressure wave. When a tank passes over a High Hat,
the eal·th around and :n the center of the hat tends to
push a&Clde and compact. This leaves the hat to bear
the major portion of the force exerted by th.. tract
above It. When the High Hat is burled 4 inches or
less, this force is 8IIfticient to function the fuze.

A.1.2 Partner. The partner system utilizes the
fact that two mines burled the standard 18 feet apart
will both be subjected to the blast waVll within a short
time. For llxample, If It Is assumed that the blast
wave travels at only 1,000 ft/sec and that the mines
are 20 feet apart, It ~'1l1 take only ').02 second for
the shock front to Inove from one n'lne to the other If
they are placed along a line ..adlal to the point of
blast. Actually, in regions where overpressures of
sufficient strength occur to function the mine. the
shock front moves more rapidly. Thus. if the mine
pair are IJlectrically coupled Sf' that depression of
both preRsure plates within 0.5 second will preven,
fundlonlng of either, the pair Is insured of protection
from overpressure effects. In the Partner system.
a resJ.;itallCe-Capacilance bridge circuit Is used to
accomplish the llupling.

For tM;; Lest, Partner was adapted to the M-19
mine. The method of modlficillion provided a melUlS
for determining n"t only the success or fail.ure of the
protective system but whether or nllt the mines, If
unprotect'!d, would have func~ioned.

The p~yslf'al modlficatiun of the mines Is shown In
Figure A.4. A plunger assembly 18 scr~_d Into the
detonstor fitting of the mine fuze. \\'hen,be fIIzs Is
functioned. the firing pin st.·ikc~ the plunger. whlrh
causes the micl·U2!lwii.",:1 dDtot::JIIui,. U1UUIl~U UII ,,~..::

bottom of the mine to change from Its norm:llly closed
position to the normally {'pen position. The electrical
circuitry Is located In a chal8l~ mounted on the bot
tom of the mine. 80th mines cf the pair contain lden
Llcal s",ltch assemblies and clr'Juhry and are connec
ted ~Iectrlcally by a foul'-conductor cable.

The mlcroaWitch assembly contains five slnale-pole,
J,;,uble-tllrow microswltcheo, which are 11lIl&8d to
function sl 'll'Jltaneou8Iy when the plungllr Is depresaed.
TIleH awltchu cor1"llspon<! to 81, St. !la,S" In the
circuit diagram of Fl"urtl A.5. Switch 8-111. phy.l
cally locs.ed in the oth... r mine of lhe Parlner pair,
llnd the c~rre Jpondlnll 8\\·lIch of the .e~ond mine is
wired to ,;.. flflll pole of the mlcr08wltch 1\8Ilembly
in the first mIne.

When the preesure plate "I only one mille I~ de
prullOd. the switches close. Capacitors C 1 and C 1,

which hsve been charged 10 "qual VO/lave8 by the
h~ltPry. are connected 10 the t....o resistance loops
of the dreull. A current I, then now~ through Loop
I In the dl r"cllon shown In t'lgure A. 5. charging tM
f>rlng ('apacltor, C.. :-hI' ('urrenl II In Loc,p" Is
1" 1'0, becau"" 8~'lIch S- 5. located In tIM- ot!'u mln~.

\8 OJ'en. When C, ('haTileS to the firing \'01t&1I" of
the r;low tube (gIl8-dlscharge <liode) the lube fires

(essentlally c banges from an open circuli to a short
circuit) and an electric detonator Is set off by the
discharge of C,.

Resistor RI provides a time dellly of 0.5 second
after sWitches 81 and SJ close before C, cnarps
sufficiently to fire the detonator. The delay Insures
protection of the mine pair WileD both pla-"a are not
deprllssed at exactly the same Instant.

When both mines of the pair are functioned Within
0.5 second, neither detonator la Ht off. Switch 8-5
In both circuits Is closed. Capacitor Ct and C, bave
equal values, as do realatora R, and R,. Tllerefore,
the circuit IB a balanced brldp Willi current II In
Loop I equal In magnitude but oppoalte In dlrecUon to
cllrrent I, in Loop II (See '!lUre A.5). The "urrenta
In the two loopa cancel, and capacitor Ca don ..
charge.

Too adaptation of the Partner ayltem to M-19
mine, as used in thla test. preveated ~oti. .111I of
the two mines of the pall' whell both ellp";O-IeDC*l the
influence of the blall~ wave from a m.cl.ar delOllatlClll;

however, both millea were P'lrmanentJy a.rUtaed,
and nelth~r would subaequently f\lllcUClII IIDlIer a taak.
The M-19 mine fuze haa two Belleville IPrfnca, a
main load-bearing sprine and a amaHer anap-throueh
Aprlng. which normally drives !be firing pin Into a
percussion detonator. The amall aprtna doe. no(

return to Its original position when the mine plate III
released. after haVing been depressed. In order to
adapt the mine to the p~ rtoor syltem, It would be
necesaary Ln redesign lhe fuze, noplaclng the anap
throuch t.prlng Willi R mlcrosWiteh. Then depreselon
of the plate would directly operate the mICroaWitch,
and the fuze would return to tts original poalUon
..l",.. releaser!. Thus, after the preasure wave of a
blast had passed, both mine. would be capable of
functioning under a tank (f'lgure A.4).

The mine I uaed In 1IIls test did not have the 01001

flcatlonl JUlt described. There ~ere two reasons
for thiS: (1) Because it wae dellred to test only the
ability uf the Partner Iyatem to provide protecllon
.._inat blaat effectl, It was cunaldered more exp"d
lent to deallD lbe ama11 plW\jt~r aaaembly than to
modify the fuze. (2) Dy uBln, an unmodified f·ne.
It waa Poaslble to tell by examination of the .nllfl
throueh Belleville "prlfll 'NIIetber or not 1II~ ,uze
had fIInclioned. ThuI, If the fuzes In both mlnu of
a Partner JllI-lr had funcUonecl. end M'1t!Jt,,· Ir.dlratnr
detonator hlld fired, then It would be kno"m that lhe

f,rotecllon sy~·"m ~ad worked properly.

A2 PROCEDl'Rt:

A total of 43 miMs, 2', High Hat. and 18 Partners
(9 palnl .....cre p!l\Ilted In rrenchman Flat In tbt·
Project 6.1 iroerl mine field. The ex\>Crlmental IIY'
OUI ill sho'4n In flgut·. A·G. Holes were dug wilh a
IK ,PI' auger mounted on a 2 I," .. ton truck The holes
were 24 i",'he" in rllameter and had Oa' bolloms I\I1d
perp"hdlc'J1A f' sidE's.
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Flgur"! ... 4 Cross-llectional view of an M-19 mIne, ehowlng the rnodlficaUone
tha.l were made to a<:apt It to the Partner lIYetem.
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All results were recorded on a go or nO-IO ~"sls.

That Is, It wa5 noted whether or not nch prototYP"
had functiooed. Remarks as to the condition or phys·
Ical position of the mines and modifications as found
alwr th~ "=bi. w~llf; fl'l:itGd where such notatioo could
give sn indication of the NlallO'Ui for success or fail
ure.

A.2.1 High Hat. High Hst was tested at three
overpressure levels.

Five models were plaC'ed at 21 psI. This was one
station higher than that at which 90-percent function
Ing could be eJqJected for an unprotected M-lll mine.
If the mines fUMtloned at this station, it was to be
concluded that no protectlOCl had been afforded by High
Hat.

Five models were placed at 40 psI. This was In
intermedlau point betw~e.l tbe no-protectlon-affol'dell
station and that station at which failurE> ".1 r-rotectl;>n
was expected (70 psi).

~'Ive models were to be placed at 70 psi, t-ecause
analysis had shown that the presentee: area of 1.11gb
Hat Wf.S such that overpressures of 70 psi CYr greater
woule! cause Ii :0 function when used with an M-19
mine. It WliS desired to <letermlne the aatulll func
tioning ovorprenure in tt.ls test. Because it bad been
found that the M-19 mine fWlctions over a renge of
pressure", It war neceBBary to place the teBt modelB
of High Hat at pressureB somewhat greater \han, and
less than the expected functioning level. It waB desir
ed t~at five prototypes per Btatlon be placed at (15 psi,
70 p';i, Md 55 psl. Because the greatest overpressures
available at the Project 6.1 teBt site were 60 pili, 15
models of Hforh Hat were nlodifled to give greater
presented ar.~8, so that ther w,-,~Id Blmulate the effect~

of higher prenun,. wher. placed at the atatlons aVall
&bit;. The actual placement of these modlflcatlonB Is
Indicated In Tabl.. A.I.

TIN Hlgb Hats were placed In holes as shown In
Figure A.7. A cloth cover was placed over each High
Hst to p"event sand from causlnll binding. The tops
of the !:ats were 3 Inches below eround level, and the
boles were filled flush With the gTOund.

".2.2 Partller. The Partur pairs ll'Ilre arranpd
In psttern!!, Ihr.... patra In es"h p.ttcrn, I1S showe. In
Ftgur" A.8. "aln WI,re arranrea In this manner to
determine tl-& effects of orientation to IrOUnd zero on
lhe .Imult&neout o;>erlltlon of the two mines. Further
more, It was known that a strone electromapetlc slr
nal was ilve" off by a nuclear detonation. It was felt
that lhls Slpa! rr••OIht be picked up by the connecting
cablu and affect the ele"tronlc {'Ircultry. By placing
the Parlner pairs In the patternl described, the effl'ct
of olectromagnetic pickup (If any could be l'otl"e1)
could be re: •.wd 10 orienlathlll.

....It.rn 1 was placed at the liO-psl statiOtt 10 teat
perfo.·mance of the system under high overpressure.
Patterns 2 an4 3 were placed at the 21-pal station to
dP.termlne wlMither the parmer sfltem afforded any

••

Improvement over planting the mines unprotected.
The exact location of these patterns is shown In Fig
ure A.a.

Fool' control circuits, containing circuitry dupll
r.ated to that used In the Partner chas..ls (oilxcept for
the :lmleslOll of the mlct'osW\tch and battery) ,",olre
plan·ed III the mine field. Two cOlltrol clr:luits were
placed In Pattern 1 and one ilach In Patk:-ns 2 and 3.
Tilelle cOlltrolB we,,, devised to check whether or Dot
the electrom2¥J'8t1c field created by tbe blast was suf
ficlont to C!lUBe Ill<.: sensitive electric detonatorB used
In the Clrucltry of Partner to function. The control
circuits were burled 5 IncheB deep.

Tbe mines wertl placed In tbe boles liS shown In
Figure A.9. Pieces of 1I'ood 2 toy 4 by 13 Incbes ll'Ilre
placed under three edges of the mll'e to prevent t.!Ml
blast pressure from crushtng the metal chassis.
Cables connecting the two mlne~ of each pall' were
!:lurled In 6-lnch trenches. The :Ops of the mlnc~ were
5 Inches bel(lW grO'.lDd level, and the holes were fmEld
In flush with the ground.

A.3 RESULTS AND DISCUSSION

overpressure levels were selected to yield the
maximum amount of Information from the limited
Dumter of test Items available. Results of tt.e pres
sure gages 10cateLl In the Project 6.1 mine field show
ed that the measured overpressures differed consid
erably from the predicted, particularly at the high
overpreSE.lre stations. At tbe 60-psi station, the
meaBured pressure waB abollt 25 percent high; at the
50-psi slatlon, the pressure ••,., about 20 percent
high. The 40-psl ststion was .....Iy 8 percent hlgh,
and the 21-psl station was 24 percent low. Partially
becau8f: 01 We \I"~2 ..url' differences, the reBuI~s were
not as conclualve as It had been hoped &hay would be.

A.3.1 High Hat. The results of t!!e High Hst test
are shown In Table A.2. Predlctlld and measured
overpressures are shown for comparison. As ststed
In Section A.2.I, lli Hllh Hats were modHled by an
Increase In tbc preMnted area of the hats In order to
simulate hlgber overpressures. The prr-ssure s~m

ulaWd by any oi the.. models I. equal to the actual
pressure multiplied by t.he rstlo at the modified area
to the unmodified area. Because the actual overprea
lures at the St81lOllI where the~ models were placed
ll'Ilre hleher than predlctI'd, tbe .Imlllate,! pressures
wer~ also higher. The aC'tual SI.)lUlated pressures
are listed In the table.

All mines with modified Hlih Hats were '\ctuated.
po tom ptelAlst calculaUo"I, It could be 8llpected t'ult
thell'J ....ould functlo., because of the hlah&r-than-I'redlcted
sllnulatEod preslures. However. from these same
ca1culatlonc, It could be expected th'll the wlmodifled
models at the meaauMd oYerpreaaun:; of 43.6 psi
would not functl'lfl. Of the f1v," High Hats located at
~'" ltaUon. thre" failed I<l protect the min... None
o. the mines functlonl:~ at 16 )lli. This would Indicate
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Figure A.6 Layout of expel"lmental mine field.

Figure A.7 Sectioned view of High HII in place hefore hole 18 fllled.
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TABLE A.I PLACEMENT OF HIGH HAT

Number of
High Hats

5
5
5
5
5

Predicted
Overpressure

Stations
psi

21
40
40
50
60

Indicat••
luried Wi,.,

Modified to
Simulate Over

Pressures of
psi

No Modlflcations
No Modifications

55
70
85

Figure A.8 Partner pattern showing orientation
to ground zero. The cable between Mlnes a\ and
lit was staggered to prevent tile blast wave irom
blowing tile earth out of the length of the ~encb.
Though the cables cross physically. they are not
In contact electrically.

Fllllre A.9 8eotlOlllld vie.., of Parmer In place before hole II fllled.

81
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that the High Hats, as now designed, Cal' 'nsure pro
tection to some val:le of overpressure less than 43.6,
which seems to be about a 50-percent point. However,
even If insurance o( protection extends only to 35 or
30 psi, these pressures a"e considerably higher than
.he unprotected mine could survive. I"urthermore, by
reducing the presented area of the High Hats through
redesign, It should be possible to ralse the level of
protection.

The results of this test indicate that, although
High Hat did not perform as well as expected, the

TABLE A.Z HIGH HAT REBVLTS

The Ch'cultry in both mines s;,()uld have worked prop
erly when tested In the laborliu' ry after the shot, in
dicating that the mines would be 'n condition to func
tion when actuated by a tank. IF'uh'llment of all three
requirements wou.d Indicate succell: of the Partner
system.

None of the detonators in t\">e control circuits plan
ted in any of the Partller patterns fired; t:-erefore. it
is known that electromagnetic pickup did no! affect
the circuitry in the mine9.

All three Partner pairs (all of Pattern No.1)

Nol UOMd
Nol UOMd
Nol rWlOt1OMd
Notr_tlOMd
Nol ......Uoll8ll

FWIOll.-d
rWlOtI....-d
rWlOtI....-d
rWlOli....-d
rWlOll~t

rUIICllo....s
rUIICllo..-d
),UIICll....-d
Fwlcli....-d
ruacll.-d

Nut r"""uo,*,
rUllCllonod
rUllOlionod
FUIlOlionod
I<ol r_uolled

88
116
86
S6
88

82
52
52
5~

62

70
70
70
70
70

P...cIJol..t
OY.rp..........

Pr........ amullle:! P.......... 81111111a141c1 e-dluea
b7 JIodIfIOaliOD by J5odIfIOaliOIl 01 laM
~ Predlol..t ~ -..red After THI

______________• Oft;;.;.;;.;.rp"'...;.,;,;;..;;.u;;.....-'- Oft_rp;.<-.......... _

P8I pol

" 108
.. 108

" 108
n 108

" :.08

01._ rrom
Ground Z..o

'HI P·l pol

1 1.260 60 70.0
2 1.250 60 76.0
3 1.250 50 75.0

• 1.250 60 7S.0
~ 1.250 60 78.0

6 1.370 50 60.5
7 1.370 54 60.5
8 1.370 50 80.5
8 1.370 80 19.8

10 1.370 50 80.5

12 \,500 40 43.6
14 1.500 40 4~.8

16 1.&00 40 41.8
18 1,500 40 43.8
20 1,500 40 43.8

1I 1.500 40 43.8
13 ••500 40 43.8
15 1,500 40 43.8
17 1.800 40 43.6
19 1.600 40 .3.6

21 I,m 21 16.0
Z2 1.980 21 16.0
23 1,980 21 16.0
24 1,980 21 \e.0
25 1.990 21 IS.0

Mloe Number·

• T1w... ro/.r I. lho numbo,. p10cld abo•••oeb mlDl In rlaU.... A.6
'TIlo .1IlII1 BeU.'ilI. opnl1& hod nol on_d Ihr"'lh~ ,he plntlc cup

wlIIob Ilol4. lIl<o oprl.. bod br...... off. ladIoUl.. IbaI tile ml'" bad
r_l.od ........b pr...ur_ to opor~. but bod 1I\I11w101I0D0d.

t Mlno bod "",.Id un<lo .. lho b1ut ond wu lound portll1ly npoled
11bo.. mI.... bod unmocll/lld HIIdl H~•.

design olfered conside.·able Improvement over the
unprrtected M-19 mine.

A.3.2 Partner. The resoll. of the Partner test
are summarized In Table A.J. In order (or the Part
ner pair to ha\'e worked as desired, the follo~lng

conditions should hp.ve occurred: (1) The fuzes in
bolh mines 01 the pair should have functioned, Indlca
tlllJ that the mines, II unprotected, would have bee!1
Bet oil. (Z) The electriC detonators In both electronic
chualB ahould not have fired, IndlcatlllJ thst the
mineo ""ere Irotecte1 by tlK> Partner system, 13)

placed at the m~&8ured overpressure of 60.5 pal ful
IlIIed the above conditions.

At 111 pal In Pattern 2, only pair Bt - B, met lite
Ihrl'<! co".<1ltl.,ns fn rair C1-Ct , n""tlter mine fuze
functioned. This indicates nclthe r 8uecess no hllurc
of thl' Yartnrr svstem, because It was given no chaf'ce
to protect the mines. These two mines survived the
blaBt p..eS8ure without protection. No Information
wall gai".,d from Ihls pair. Pair AI-A, points oul
both a general disadvantage of the Pa rtner dt>slgn
and a (allur" of one of the mines of the lJ8lr. Tile
fU7.e in Mine Al functioned; that In Mine Al did r,ot.

e.
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The pressure to which these mines were exposed was
that at which 90-percent functioning of M-19 mines
could be expected. At this pressure, and for lower
pressures (down to the level at which no functioning
of unprotected mines would occur), there Is the dan
g",r that one mine plate of the pair Will be depressed
and the other wl1l not. When this occurs, Partner
Will offe,' no protection, and the first mine will be
cleared by the blast. At higher pressures, where It
Is insured that both mine plates wl1l be depressed,
the Partner system will prevent clearance by the

TABLE A.3 PARTNER RES~LT8

the mine. The circuitry, nevertheless, did not work
properly, and this Is s failure of the Partner system.
One poSSible explanation of ~he failure can be offered:

It was noticed that the detonator In tills !"lIne fired
In less than the designed 0.5 second w~" l.he circuitry
wu tested, lndicatlD& thAt tbe ias dloo!: n ,he circuit
(see Figure A.5) fired at less than the lle';rnf'd volt
age. If this occurred during tbe nuclear tut, the
energy transmitted to the detonator may not bave been
enough to fire It. However, this msy bave made the
detonator more sensitive, 80 that It would fire when

0I'IaIaII0D 01
PartDer Palr lD
Radlo1Ll... rrom

GrOWld zero

PredloYd
OY.rpre......

M-19 Mine-r-tIGMd
• yIM

B1utP.........

Electric
~

t. l'arIMr
c......

IIold "red

Partner Chaui.
r-u... JIc)..-lI,y_..-1a1M
l.IIbonlol'J After
... -.. Tut

....1 pel

" radial &0 80.& y., DO YO'

" radial &0 &0.& y•• DO YO.

b, .& devil' &0 &0.& y" DO YO'
b, .5 del"ll. &~ 80.5 y•• DO y••

e, tanpnUaI 50 &0.5 yea IIll y••

c, tanpnUaI 50 &0.& :'":1 lID y..

" radial at lG .• yo. roo n

" radl'l1 21 18.0 DO DO y••

b, "de~.. at 18.0 Y". DO y••

b, Udevll' 21 18.0 yeo lID yea

c, tanpllt1a1 at 18.0 lID lID DOl wiled

c, ~Dl:laI at 18.0 DO lID DOl1811ed

" rlldlal 21 18.0 y•• DO YO.

" rlldlal 11 18.0 y•• lID 'it,.
b 1 .&cIa~lI. 21 It.O YII lID yo.

b, Ude_, 11 18.0 Y·· DO y••

Ct IUplllUai It 18.0 y.. DO YO"., IUIIIIlIUIl 11 18.0 .. .. ,..
'n-.. '''.r lD lIle,-n ......... " ..... 1..8
t TUII ..I.r lD llII ..... ""......r... n ..... A.t.
I_I lolled.... cIalDuIor _ .... 10 lin III __clarallly j... lIlaa

0.5 _ ..............r lMllrial U_ ... "'" _ ...... wI~. oUoaacroplt· -_.
I A _UIlI pi.. lulliIlIIe ........... toud oil_Yd. Ill.

"'" _ ..........r 1IlI. oc.llfrecl before or after IM_.

blast. However. there Is the range of prelllUrel Just
described In which I.hlp system offers little protection.

As stated sbove, Mine Al is considered to have
bflcn clesred by t'le blast. The fuze of only this mine
of the pair functioned; therefore, the electrl(' deton
ator in the Partner ChUSHls should have rtred, Just
aR It should ",I.e,' a tank functlons one mine of a pair.
HOWever. the detonator did not rtre. The reallOn for
this 13 1I0t apparent from the posltest examlnatlon of

70

tested In the laboratory.
In Paltern 3, two of the Partner pairs met the

three conditions for suc~e8ll preViously stated. In
\Jalr C1-C1• 11'- same cond:tlons nc~u~red ss In the
faulty pstI' of Pattern 2. Only one mine fuze funC'tlon
ed, yet the detonator In that ml_ tltrl ,"'I flop T~i s
;lair, htlwevu' iH morll easily explained: a connectlng
ph.g In the chassis was found disconnected. This
would mean the circuit WSlI disconnected from the
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battery and no energy was available to ii,", the det
onator. Although the plug could have come loose
after the test when the mine was dug uP. It is believed
that it occurred before the test.

Although the two failures of tile circuitry enc~t

ered In the test might be explainable, they neverthe
less point out the vulnerabllltj of a ccmplicated sys
tem. Furthermorp. the problem of one I?ressure
plate depressing when the t'ther does not still exists
and can be overcome only be de~ign change.

A.4 CONCLUSIONS AND RECOMMENDATiONS

A.4.1 High Hat. High Hat Is a workable design
offering significantly better resistSllce to clearance
than the unprotecteci mine. This performance can be
Improved by further reducing the area of t.he hf.t.
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High Hat also offers the advantage of requiring no
ltlodlflcation of the minI!' fuze. It Is recommended
that work on this design be continued.

A.4.Z Partr.er. TbP. Partner system has the dis
advantages of l'eing complicated. of requiring modi
fication of the mine fuzd. and ~f offering little pro
tection In the range of pressures where 10 to 90 per
cent of unprotected mines could be expected to func
tion. However, the system doe" work well at higher
pressure::J.

Although the disadvantages could be overcome by
redeslgd, newer system8 under development offer
more promise. It Is recommended that the design be
reviewed to determine whether further work on It
should be continued.
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Appendix 8
VULNERABILITY of CERTAIN ANTITANK-INFLUENCE-MINE

FUZES toNUCLEAR DETONATIONS
The purpose of this experiment was to determine the
vulnerability of three antltank-Influence-mlne fuzes,
deSigned at Diamond 0rdnance Fuze Laboratories
(DOFL), to a nearby nuclear detonation.

The three fuzes available for this purpose were
the T 1217E2, the T 1224EI, and the T \2.35. The
T 1217E2 is a prototype; tbe T 1224E1 has been re
leased for production englnc"rlng; too T 1235 repre
Eents an experimental design. All thr"" fU7.e~ are a
part of a family of influence fuzes for use with the
T-29 mine,

B.1 BACY.GROUND

The follcwllJg w"re considered as poSSible factors
that WOllIn affect the ·."..:.!r.er~i!i!J· of :l f...ze to a nuclear
detonation: (1) direct physical damage, which would
make the fuze or mine inopent!',e, such as breakage
of the case, damage to components, u;'lcoverlng or
tilting of the round; (2) functioning of the fuze during
the detonation Ly presence of Its ncrmal functioning
influences, such as pres£t.:r~, vibration of tbe ground,
magnetic fields, gamma radiation; (3) abnormal oper
ation of the fuze sensing devices, e. g. , closure of the
magnetic switch In the T 1221E1 by excessive sbock;
(4) Improper functioning of protective devices In('or
porated In the fuze, e· g., the blast protective switch
In the T 1217E2 or the T I:&24E1; (5) temporary ster
Ilization due to dlscharlte of firing capacitors by Ioni
zation; and (II) temporary aterlllzation of the T 1235
fuze by indlwed radioactivity In either the soil or the
NiJ scintillation crystal In the {uze.

jJ.2 PROCEDURE

An ellperlmental program that would determine
the exact behavior of the fuzes involved could not be
attempted durlnp; this operation, because none of the
items had been made In any appreciable If,,antlty and,
therefore, were In short supply. The limited program
was intended to provide guidance for future test. with
larger quantities. to tnitlate work on prote~tive de
vices or on modification (should such prove to be nec
essary), and to cur relate fuze behavior with data
gathered l.y Piamond urdl1lo1Jlce Fuze Laboratories.

The 30 fuzes available for this test were equipped
with 1etonator simulators to Indicate fuze operation

'if

without causlnll damage to the fuze. This made pos
,l1ble reuse of the fuze and posi.shot examination of
Its sensitivity. All but the T 1235 were mOUAted on
Inert-loaded T-29 mine cases from which all flrlng
train components had been removed. A battery
operated clock, to mdlcate the time at which each
fuze functioned (if functioning occurred), was attached
t.- the bottom of each unit.

B.3 DESCRIPTION OF FUZES

B.3.1 T 1217E2 Fuze. This fuze used tank-track
prp.llsure as Its Influence but differed from a conven
tional pressure fuze in that simultaneous pressure of
both tank treads was reqUired to insure mine function
ing iUluerneath the belly of a tank. The sensing ele
ment was a pal r of S"foot rubber tubes, 'ie Inch in out
side dlr.meter, one extending to either side of the fuze.
The lubes were buried with from 1 to 4 inches of soil
cover. The 3quec~ing of a ehort length of each hose,
as occurs on the overhead pungo of a tank from
both of i.s tracks. closed an electrical switch In the
{-<!Ze. Both switches ,:'lust close at nearly the same
time to complete the firing circuit from a charged
capacitor to an electrical detonator. In Ihls way,
firing of the mine underneath the tar.k and someY'here
betweEon both tracks is a..!lured.

The fuze Is kept Inoperative Initially for about %
hour by an arming delay clock to pr'ovlde a safe per
iod for burial of tile mine, camouflaging, and depart
ur'e of peraonnel from the area.

To prevent the fuze from firing on shock from the
ellJllosl/lll of nearby mines or mine-clearance devices,
a blast switch is built Into the electrical circutt. WIler.
subjected to a downward acceleration uf 1 to 2 g. the
SWitch cloll811 lUId sterilizes the fuze for about 10
seconds. ngure B.I shows the T 1217E2 fuze 1.1
place on the '1-29 mlnll, and Figure B.2 shows lhe
mine and f\l7.e in place, ready for covering.

B.3.2 T 1224El Fuze. This was a dual-Influence
fuze requiring bolh II, vlbratlon and a magnetic oignal
of proper characteristics as prOVided by Ii larl1;ct
tallk crOS&tnglhe IJlt!lC to inillate lhe delanator. TheHe
signals could occur simultaneously or ,n clol'e seq-
uo nee, and their characteristics were determined by
extensive stl:1Iles on A large nun,ber of tanks, As In
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the T 1217E2 fuze, arming delay waf accOmpllSMd
by a spring-wound cic.ck.

The magnetic sensing element was a moving m8l
net SY8tem, and protection 8Iain8t Its cloaure by
severe 8hock excitation Wll8 provided hy the ume
blast switch as In tile T 1217E2 fuze.

The optimum standoff distance of the mlll8 to tbe
target tank determines the burial depth of approxl
malely 2 to 5 Inclles below grade. Figures B.3 and
8.4 8how the mine-fuze combination. Flgule B.3
8hows, on the bottom of tile mine, the aluminum case
that house8 the electrical clock described In Section
B.2. This clock, which waa used for fleJd-IDatrilmen
tatlon purpose8, Is not a normal part of the mine.

8.3.3 T 1235 FUZf!. This was llIl experimental
dual-Influence fuze that required both a Vibration ale
nal and a gamma-ray Signal orlglnatlne from an exter
nally burled source and backBcsttered from the tar
get tank. Previou8 analYle8 and teltl Ihowed tile fuze
sy8tem capable of dlscrlmlnltlng between heavy mili
tary vehlclell, lIuch as tankl, and lIehtel' vehiclell,
such as jeeps and truck8.

It i8 difficult to cou.'ltermea8ure thl8 fuze by nor
mal method8; however, calcalatiOIl has lhown that a
nuclear Mtonatlon could temporarily neutralize the
Iyltem by blinding It with fallout or Induced radioac
tivity In either tile 8011 or the Iclntlllation cry8tal
used In tbe fuze detection sy8tem. The purpoae of
this experiment wal to verlfv the suppalltlon that the
Initial gamma radiation from the explollon would

blind the f\oze before the arrival of the shock wave
(and therefore before arrival of the vibration influence)
and to determine whether t..'le :::,'stem could be per
manently dam8l8d by high eamma and neutron fluxee.
For t.his purpose the externaleamms source, which
woulci normally be burled with the fuze, WBI not need
eo and was omitted.

Since the fuze II' Itlll In the experlmf!Dtal deslen
8tate, no photographa of tbe fuze are preNnted In
this report.

8.3.4 Power Suppllee. All the fute" uled elec
trical detonatora and required Internal po_r IIIIppllee.
General Electric T8 IOUd-ltate batterI.. wre uNd
In each fvze In conjunction with Mylar-Inlwated
capacitors.

84 INSTRUMENTATION

8.4.1 Explollve 8wf~ Elch of the funl wae
equipped with a DOFL T-23 explosive switch. The
electrical function and Input characterlltlce of this
device cloNI)' matched thON of the T-76 IllectrlcII
detonator and the T-29 mines.

The T-23 8wltch contained two pairs of coouCtl,
one normally open and 0lW normally closed. On
fuze functioning when the SWitch I. fired, the open
contactI close and the clo.ed contactl open. For
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this test, the normally open contacts were brought
out from the burled mine to tbe surface of the ground
by means of a shielded cable (Figure B.4). An ohm
meter wu used at the time of recovery to determine
whether functioning bad occl:rred Without disturbing
tile fuze. Stlmwatlon of the fuze-senelng elements
by elmulatlon of the U8llal Influence w.. performed
If no functioning bad occurred during tbe 8hot. The
fuze'8 reaponu to the proper Influence was then
obaerved on the ohmmeter. Th. normally Closed
pair of contactll were COllll8cted 80 as to 8top the
electrical timing clock (described below) at the time
the .wltch fired

B.4.2 Timing Clock. This illUdUary timing device
waa uaed lOr tbe test to enable perlOnnel to determine
the time of fuze functioning relative to the time the
fuze had been armed. It W81 attached beneath the
fuze aI shown In Figure 8.3. The opened clock 18
shown In Figure B.5. POWllr supplied by a mercury
battery gave the clock a running time from 7 to 14
day8. Accuracy of the rcad!ngs wae apprOXimately
15 minutes.

84.3 Charged Capacitors. Included In tile 1217E2
fuzes were s~verill charpd capacitors of the eame
type used In the fuzes. It Wal Intended t.., "baerve
thel I' voltage decay after r ......,v..ry ~"cl compltre thiS
with tbelr ordinary decay rate. The desired Infor
mation Wal the ability of a nuclear detonallon to In
crease the decay rate and, thus, temporarily sterilize
tile fuze. It should be noted that, If this were to occur,
the rechargllll rate with tbe very-high-Impedance
IOlid-state batteries would be low.

B,4.4 Location of Fllzea. Three al'eal, each
about 30 by 33 feet, were utilized near the eastern
edce of the mine field at mean radial dlltance of 1,250,
2,730, and 5,320 feet, re.pectlvely, from ground zero.
Theae dletances _re choNn to correlpond to eatl
mateti overprealuree of 80, 10, and 5 pel. Fleure
B.8 lhowl the location 0; theN three areaa, and Fig"
urer B.7, B.8, and B.' lhow the dlstrlbuLIon of fuzel
within each of tAeN areaa. Of tbe IIx T 1217E:! fuzea,
two _re placed In each area; IIx of the twelve
T 1224£1 flus. were placed In tile 1,2&O-foot arf!a,
and three each In the athol' two a'I),\6; tM ~welve T 1235
fll ..e~ were evenly dll.trlbuted, four In eanil area. Thc
T-20 mine case, but not neccalarlly the explollve con
tents, Is enentlal for proper operation of the 'r 1224E1
fuze, since the ateel from which the Cal. 'I fabricated
Is tak.n Into consldersllon In adjusting the m-.netlc
Nnslllvity of the fuze. The T 1217E2 and the T 12.35
did not r.qulte mine CBB.S for thalr proper perform

an~e: h~"'ev"r, .'nce 1A 8uch caMs .... re avallilble
fC'r the telt, they were usad with the T 1224E 1 lind
T1217E2 fuzu.

Mine poslUons wllre loclted snd hJles to the de
lire 1 depths were prOVided by perlOnn..1 of ERDL.
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Fleure 8.3 Too T 1224£1 fuze with T-29 mine and Indicator clock.

ngure 8.1 The T U24EI fun N1th T-29 mine In p11ce before burial.
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Figure B.5 Seven-day electric clock.

N

Figure B.II Area loc.ltlon f rom Iround uro.
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Some tboulht was Jlven to the unlCJUe Iv.lll conditions
prevailing In the Frenchman Dry LaKe area. Beford
diaturbance, thil 8011 baa the conalatency 0' adobe
brick, whUe the dirt duI from a hole has the tt.xture
of talcum powder. Water waa uae<i to atablllze the
8011 "'ckfllled around and over the mlnea. Some of

at 06~O bo\lu on 24 ,June, 10 that Ii mlnllnur.1 of 3 dayq
had olap"d after planth" for the fuzes to stabilize
In the ambient condlUons. Tbll.' period was more
than llufflclcnt for l'toper opcraUon, ever, under the
BOvere soil con.iltiona. Recovery of all 'mlts was
completed on the morning of 28 June. Tho Bame per-

/.
t-r=t2M- -ii -.- --.-. --- -.. -··-T - --. -- ------ -_. -:r:.m-. ---~
: ND. 2-24 : Net. /I I

I Olllf""" I Dlpt" 2" :
I f I
I I I

\ : T-I235 6
: : No. 2
: : Cel)tlt z"
I I

I
I
I,
I
I
I
I
I
I
I

T-1217 £2 : T-IZf7 EZ

~':'t~ 3" " -- - -- -- ------ -t-· ---- --- --- -- ..~~ 3"

Mo.. t' IZZ" El HOI. Z
No. 3-34
Dlpth ~'

i
I
I
I
I
I
I
I

r-/235 :
• No.9 I

tJ Otpttl Z" :
• I
I I

: T-I2~ : T-IZ27 EI
~ No. 1 : No 1-7

, ...." I: 01Of" 2" I DIpt",c:J-_.------ -- . 1 - •. - -- - - -.-- --- - -- -----A

~-1t-we 'Mt ~ 0 •sc= ,...

Fleur. 8.9 Pille.me,t of fuzef III ranco 5,320 feet .

t'" lIQiI waH mlllld wltll wal4lr 10 make a mortar, ana
lome wal I....ed hy puddlllll In the IIole. Each unit
",aa wrapp"d In a 8quare of plaaUc ahe.tlner bftfore
burial to I"tduce conl4lm'nztlor. of th. unllll by tile .011,
hu1o'ever, ,t waa later f....und thllt wlter and mud had
ruched IT'any I)f the full"

D.S RESULTS

Plantht« of tIM! f· •• Wll8 por(ormed durll1( the
perlorl from ),11 to 2, .1WMl Shot PrllcllIa wu nred

.,nnel who pl,nled Uw mil'" perfor~.led the recov~ry

under full radex condltiona In about an hour. Thla
Included the cbeckll'll of each fuze for runctlon11l& and
lH"aUh1ty At, the clCJIII-ln ut'.a (1,260 feet 10 ground
zen» the radiation Inten.11)' WBI a~ mr/hr at reef'V
ery lime, the middle area had an lnl4lnlUy of 7 mt Ihr,
~Ild the lertheal-oul croup had Ie.. than 1 mr/hr

None 'lf tlla futel or mine I .ho.....<I any phylical
da:n-.. IIowe ,er, a few of thJ IIrnllll-ciock callel
were Illl.ht:y dented. Dral~ IW•• t'rotrudln. aboul
3 Incbel lIbove lhe around had "',en uled II marlre,•.
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TheM~ ~'ak\: .... ~hu.'h wt:n' t/; mell In til .• :' 'h.'r, WCI-l'

... 11 If. pian' hull>l.nt aho~t ;~f1 (k:j;tH"~l- In,!.) tilt: n:rtl

c;a1. In tj-,t' 1I11d.IIt.' arl":t. ;,hout ~1I fel't o! l,arbed WI rc

L.I "art 0'· the tlj'l~ulal nllnt.' ueld h·th·C) "a.; found

l..·()\t.·rlfl~ UtW I'! the: 1U/l':"t

8.5.1 11 ~ IH ~ I"uz", l'"n" of tilt! "X umt~ hall
tunclloncd \, hen tht· ho:-;ct\ were S4U~e1.,}d ... t the

time ot re(·o\'l.'r~.. to simulate .1 normal tfil(nul, aU ur
thcfloe fUle!'! ~M:ratt'd SUllUbti' tl of the s,g:I;,1 tn thih
..·;J.sc watol dorM.' m ..nually, ~Hn\.'c no tanks Wt~r~ :Jvallablt:

.\n t~xanllnahon vf tht- ""011 t,.'o\'l'rln~ lh~ hObes indi ...-••f

cd the re'hults would han' tN'l·n una.ltered lr a tra('ked

v..hlcl.. h..... I..,,,n u.....d

Il ;).~ T 122tt: I ~', ,., Two 01 Inc fu",eb ,n the
':loM--ln area (j.~!i(l Ic,':iTrom )(round lcro) :un(:tloned

.11 the time nl the ,t,ot S<lf\e of the ,'cmaonong ten
filLet; flrcd, tnllutJ.nv. four fU1.cb- .'t lhe f"am~ dastant'c

.rOII} Krour.d .I.crv ;1~ the (""0 thut ,lid (unt"llor.. All

..n!tred fure" lun.·t1o""d proptlrly when "',mulated to,·
v 1hr.tti(m and nla;..tnetu· sIK?\aJt' behlrc thsarmln~ and

r,.'nlO\'al.
8Ia,,\ ;;wl\l'ne~ ...e rc removed from the two I"Le"

tMr luncl,o""d ,n Shot Pribdlla an<l repla.·..<1 ... ,Ih
~1~(,lal prole(·fn·c l'Iwlt('t.eti ..'nH'h ..,.-ere sensItive to

,-H')olPl "amma radl;lhnl1. TIlt~tic two rcinstru.nentcd
lur.~!'i and two other I'l')modllu:'ll fuze,. .l~ l'ontrol8 ~·crc

eX100aed ,'"lOU' ~oo f""t Irom grNlnd zero in Shol Hood
None 01 the"., fou' foll<!" _re fun.·tioneoJ a. tho. lirne
nf IIle ~hot t:"""1'1 for one (1)ntr~1 fallun' ...11 lun,·t
roned properly on posts!lot ~lrmulation pr;~. ~~ dill-
a r "t\ln~ ...nd re-movOiI.

8.,:1 T 1235 t·uz..... l\one of the t, ,rve fuze ..
...·1, lir...! by lhe nudear .lclonal,oll, ho en'r on"
"nit , .. tho: a· .... dOtU! ..1 to I!round Zero had apparently
hn.... al tI In,n·., ~& ho<irH The"" "''"'Ita were not
t'("uJlUcr~ C.·orn.·IUMI\'~.....n(·t· MJl of the tv.-elvc rL"Zefo

had h red Oft vlh, allon IIlcnal~ ajOlM: at the lime of

c'nJll""r,.TIl!nl l.awr "unlln"'t1on r<' ..ale,' the r~a""n

lor th,~ lIlI I ,nl: '" ' ....·r...."" ,n tilt' h.,.. batwry' ,'olt-
.... ;ollnhul 'e to .he 10'" r"la\lv" hu,nl',hly or lhe
"'''';I<llI dim.'" Th,~ .....It ha~ b,,,," corrcd"'" by' a

moolll<:ation In tilt! pu.. e,· bUPI'!Y and \'.bration alert
illK "i I ·vil.

Hecau"e of the neutro"-indt,,ed gamma acti\,ity in
the b,'intillation crysul ocwnors and In fuz.. compo
nenl... it \I.'as nol possible te lire any "f the fuzes at
r""f)\'ery lime hy mean.. ul .. m'llated vlhralion and
gamma"ray signal", T.:;" " .. "rmed pretelll calcula
tion" on the ma!/:nitutle of the in<Juccd activity.

Although the..., fuz"b were '!xl"'rimcntal models.
.'on"trucwd without regard 10 rVKgedness. permanent
"'a'llage was almost negligible, After", cooling-oH
perjOlI of a Ie.....eeks. normal fuz.. operation was
rC:i·<lrcd.

Tile pr..sent design of the iuzl.. 's such that fuze ..
are exoec.ed to recover I 'om IIle blinding eHecI of
neutron-indul~edg.iIlIlHd ..~l'\tit)" in ~4 to 43 hours
all.. r \lit: fuzes hav.. heen "xposed to IOU neutronsl
<'m2•

t;.~ t ChltrKed C"l'al'Itors. Laboratory examln
aliol. rev"al",i no diHerer.c.. between t~ ordinary and
,Mu.t.,hot Jecay rat..s of charged "apacitors.

H. C
,.:; Gas UioOe". Miniature gall "'iodes (XUIC.

XU4C). expo d In ""v.. ral Shotb, showed prom;""
as nu,'I,'ar <le nllillz·ng swit,'he~ for fuze use, for
a ~1I kl alr-bu"st <I(.'\'Icc, ,\lodes I}lased at 9& percent
of theil' normal l'reaXd""'n "oluKe c::1n be trigered
mllahly at ra,ov."s a8 gr..at all I mill' by Instanla""ou8
Kamma r""JiatIOf'.

II.G cm:cu::m... ~;~· .\SU HI::CO~I~ft:~;lJ,..TIOSS

l\o hrm "onduII'01Ib ,'an Do. ,Ir",..n Iro." t.... ""'''ll"r
.Iat" al t~is "",nt. It appears that outlook for ~ rool
'lilt of tr.., T 1~1Tt:~ and T 1~~4t: 1 fuze~ :It!'ainst cI ar
'!'C attenlpta ~' nucl..ar ,letonal'OIl III rtood. Several
,I<-, Il'~~ "ntler ,w,v"lor"nent .t..lU!<l redue.. doltaran<..,
!"' ..'enllige. tc lo", hl{lore~. Tile most Imprrtant

nee.t '" to c8labll.h " 1.'1('" backcround of daLll Irom
a bl'tt"r ~tah.h,·al ""mpl". for thl ..... rl>O"" 11..,
pr"hnllnary "'ata I:",thcr,," ,,, till' nflt.:,'al'OtI ..~lll....
m08t helplul

seC'li



Applndix C

GROUND CONTAMINATION PATTERNS PRODUCED
by £-5 CHEMICAL LAND MINES

Tbe objective 01 thlll tellt wall to deterrnine qlU>litative
Iy the lrounc! contamlnaliOll pa~rn proc:lli"ed by E-5
c"mical land mine II detonated by a nllClea1' exploaioel.

The r.:-S chen:ical land mine ill II Iltandard M-U
mUle except that it COIltlUnll ilbout 10 JlOI&I!ds Df
cllemlc.I-...arl.re acent and only about 0.7 pound of
explollive matenal illiltead of II full explo.ive chua•.
Thu., \he E-5 chemical land mlDe i. ".llMd ao
.. to t:unlllin juat enOlllh explo.lve to Il(:atwr U!e liq
uid f,Ulna and contaminate an are. adjacent to the
mine wherl the mine I. activated by Meanll of normal
M-15 mlne-fu.me tecllftiqtlel, For till. partir'llar
..... II c"'mlcal _ria....nt .Imulant, Bill 2-ethyl
helt)'lbydrOfl'lb phMphite, _. uaed.

rive f>5 chemical land ml... filled With the '1bm
ulut .n~ _re po.IUODed 15 ,arda apert in c. _Uon
of • Project '.1 mine field where A10 9 p.1 ovel'p"'''
au...~ expected sec.u.. thi. pl'1l.aure i. I...
thaD tIlat required 10 par.... dac.ouUoa 01 fhe M-I ~.

the mi•• were e_fed 10 • 2-pal _IU"" de\Oll-
aUoa .,. m. Pointll a. ~!,." .-:.:nplell _Id he tIlVr

an.r \he were marUd bJ 2-1_ mew .....
lin_ Into tile IJ'OUftd ao that 4 to 7 IftC protruded.

FoI&owuII dac.outiOll of tile 1111., .amp" t.a!ten
at &lie.. Irt:t poUlta by acraplJlC the IlOl1 fr_ an ..,...
• 11Idle. by • lactA. 10 a a.ptIl of about 14 lach and
CQla.ctWi dti. dirt III II..a jar•. Tile aampie...n
r.UII'Md 10 tile ArlDY C"mle&! Cuter and _I,ted
for 4Jed ... c....t. Tile reauJla .,.e reporfed ..
IaIUtenm. of eMa\l...1 .1_I...t per .... re _ ..raf...... T'" .....liftI ...Ide~ 11 ,a'" ......
-t1Ml and 20 v.rdal\ClWtlld Tlw " ....... -.
...,I~ potnta ... 5 yarda ," the rectoa near"
mLM .o.lId ... ,r.. 111:- 11IC~ • ..d .......wr down
..... nl.._.•.

PT.oc 10 lIIMIl PrtM:llla. _ •· ...nunl I"'" mlM

...,....._ .... 1ft «*r 10 .t.wcmt.. tbtr e:r.t,tfn,UUOII

....... rll prodtoce< ..Ithout ,lIllwence frolft .1Iot randl
uoae I. "'I. W.I ...'uell was COfl<llIeted ,n a amall
area adlAC"'M 10 __,. ,,"'" m,M-1l were .....d. aam
.'Itoa of the aoll In tile .,.. cOIItamllUlted _,. colle.. 
ted Irolll Ir.d ptllnt••t In",r"ala 01 5 ,..rd. O<lt t() d".

ta.....·•• ol lS ••,J. from 1M nllDr This will Mr.-.d
10 Il\lIIP'Y data lor" nor",,,' p.n.r" 011 Ow terra;:'! 1"

F~"d"nan n".
T1w .n. of ..<leWmlullon 'CGm \.......nlle.1 lUI'

m.... I. a__ In flll\l"' C I. The 'OI,tamlnat.ed
.,.... ','nit'. 'I.. dltIOl\.UOII 01 .. allllll~ mlflt' II al.o

•

shown. It will be no"-:l that only two 01 tIte five mlncs
tHlr. defOM.... by the blut w"wollrom the.-.at· WIlUe
coUectill. &IIldP!ea aft.; the _I.. r det.oItaUOII. It
wu ob.rwd that u. IrotIlId III pula of &lie ,rid pat~

"'1'1'" ~d "'11 11ie'rlbttted aad/or covered by dirt dur··
i.1(I I."'" perlCld from bl.at to aample coileeUoe.

Tbt "'lit of. the IIYC! I1lIDeIl dIIr1n,8hItl Pr' ~llla

was not llIl .1M:~lIl&ful ~ bad been hc:'pld be1:1UI.. OIIly
two 0\ tile lIve mine...,..~, The~ru
of the 170und contamlll&UOII fNm the t..... (bJam
detor..wd) mlIV,e ~.. til..lml'u 10 the ilinlle mwtl
tlnn; till. dUl'ereoce all\() appear. 1n ather .... wlUt
t~ pnle munllloo c~f.ad at Army Cllemlc.l Cnter.
OM' of tIte bI.at-deloMloId lII.a bad 3' tlr.wa tiM
quanUty of .nl normally f~ 011 Ow. cr..... r lip aDd
..._Ull.U, no cOllf.aml....iOll nil tile lround In 1Iw vici
nity IIIll'If tblt cra"r.

The dllfen_ bIt..._ cr~ C~tllIlUOll pat-
terM of fbr -..ntll \eate ~r bttt_ 'M two bi.~t

ctet.afed ml"a _y be c&\l.lllDd '" reuou 'ldlar tMa
tM method ~ ~OII. T1Iew 1'IIa)' be· m low
or6':·" bur.. af tlw _ b!ut-det_fed /Pi.. wt:oir.b
bed ItiP cr"'r-Ilp coat,miuUOII. or (2) lMI fJf
coaIamiuuo.l~ lift blut-ae&oll• .o at.1 _ to

tile aurlaN betac rer>cWttd, diar."'-'f ud/or co""red
by bIotmtI dirt dIIrllll the parlod frOID bIor. 10 .a"•
colleetl_. T..... It la difficult 10 Co)lIIpllN the CClll\

tamlr.&UOII palkm. 01 ,lie blul'dIla-tad DIm...Itb
....t from nor.....a-u. 01 II JfoIN,.r. the
dala Illdtc.c., • :ll0e~ I.. &lie ell 01 cr-.:l
4'OII&a.luUOII .,tllt 1M f_ dille,...t _ of at·
-u.. T.... :tiffe_ .... 1U~n4..
~1...... eVI'-- I\e(,__ 01 I.. hallwU ........... , uI

"."', tile ~Ulllla &0 wItIell t", .re" .... upoMC1
belore the ••mplea were coIlecwd. DII'''~ normal
po..lbll,uell of low-orcr... drtoaaU_.

SuffiCient d.ta _re colAec&ed '0 dem._tnte l'OI'

d ..al..ly t....t. ,1) realdt&al toIQe .'OII&am\DllUClI\ WlU
,.. ... 11 ..." cMaUl:.1 mi....ld. 1\n fUIICu_d by
nud...., dlo'_UOIIa. ud (2) that. dillerenee In con
tamlll.UOII pattolrn ..a" ' .. elIPIlt'a-d .lwn lite r. -~ "'Mlm·
Ic .. l larod It.IM \8 ..tonated by I. bl.ut :r",,. a nudeat
\Jetona\lOft, ov"r tt-At patlt'rn prodwcerl by dt'tJ)n.tlon
... lhc 'n"... ·11 "re.au,. -.,UIU... Iv".

i. III r.comma...... Utat ..,t. be ,·-.c"d to obta.n
&OlLtlonal data cClllCt'lntl.. the .re...Itl"h mllial lw
..ontlIml"at.ed ,... """ia.r -\IPO'lI _,.., ..-.t .) •• to

detona'" c. "m,'.1 1.00 """'11
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App,ndix 0

TEST of BRITISH TYPE MINES for the UNITED KINGDOM
Tile objective of tbie te.t was to 8.lbject fOllr type.
of Brltl.h mines. the Marj{ VII. Mark 5. Ll&ht Metal
lic antitank mlnee. and the Elsie antipera_1 mine
(Flguree 2.16. 0.1. 0.2. 0.3). to the blast from a
nuclear detonation. It was particularly Important to
.upplement exlaUIII Brltl.b data OIl the reaction of
thelM! mlnee to atomic air blaet and to check the cor
relation of Brltleh and United State. record. on the
behavior of tbPlM! mlnee.

0.1 BACKCROUND

The Brltl.b have _lilted tile M~k VII anUtank n:lne
011 several ClCca.loa.. Th!. mine u... a Mark 5 fuze.
whlcb reQlllre. a double Impulae '.~ actuate the mine.
No mine• .-.ecelved both Impul... at any of the trl....
In some of the te.te, the flret Impul.c was applied III
overpre.8l.lre rup. bet_n 32 aDd 250 pet. The
....lNlt. at preaaure. le.. tbaD 32 p.1 did nat obey any
rBCCJII"Jaable pattern.

TIK BI·ItI.h teet. of the Licht Metallic &IIttt."
mtne at (lepUia of coftr YlU')'1. from 2 to 4 II!'C....
rellUlWd III oaJy about 3 pe~Cf!"t flrilll( at _rpre••u!'e.
I thron or equal to 30 p.l. At bilMr pre-.re. aDd
c, rabIe depUla 01 burial. allllllDe. _re aetuat8d
(TileR re"t11 do nat ."... With cpMd lIBI&od .......

lei"'. 011 till. mlM).
AldlouP tile de.1toJI 01 tile epIder-t:Jpe pre..,.

plate fGud 011 1M Mark II utitaM .IM .........
tested .....r _lear blut It __ 1Ieu...et tMt.
__ 01 tile low rellietallce 01 -"r pi tilt
1It1. -ad ,...are a .......r force diu
.....1... WIth • IIOIld pre_re plate.

Mtaa ..jKt8cI to ari&l8 " ••• tllere __ .. Ktu
$Uoa 01 dill EI.le Ifttlper~ Dol•• d H rei _r
p",""'JN and I_r; for ....r pre-..."... peneat
or nw•• Iln,,1 Al Oftrpr••••,re. lre...r tIIaa 21 pal.
1111 mi•• _re di.la4pd from tllelr vrlil;.a1 plKa__
poslaoa.

lIal_ ArlllJ EIlII_r R....rdl .... Dawlop-
-' ratorl•• (ERDL). Fort Bel"r. Vlflllll~.

perfor.-d .tatlc aetutloa te.. ~ .. upt ......lic
aad Ma'" II utltllllll mlM. aDd tile EI.. 811Upt~1
.111.. (Toteta _re nat performed 011 die IiIaI1I VII
mil.. 5U1Ce <t... 011 ....1..' -..,WatJOII llre_ ..
• Iread)' nailable from Ittc _rlI of die Iftl_ ....
reported In R.. f..r~n('f' • ) ft.....lt. of LM Ie ;...Ito_ In T8b1e D. J.

II

0.2 PROCEDURE

.B1Icauae of the limited amount of time UI arrllll(e
for abot partlclpaUOII. and problem. of tran.portatlon
of 11". uploal"... all mi•• _re l.rt-ftUed. The
crtlerla for the metltod and r.... of placement. ..
well a. depth of cover. were the de.lre. and propo~al.

of tbe Brltlab auUlorltiea. SIJlCe no analy.l. of re.ults
-. required I)f the United State. per_1 coaductlng
the te.t. a thorouab IlIve.UsatiOli wu IIot made of the
reUOll. for tile placement propoaal.. &ritl.h auae.
UOII8 were adhered to as cloaely a. po.elble. I. "' .•
attempt. were made to place mlDe. at pre..ure r .....
uaa:! In the main project.

Poaltloa. for the Brltl.b neld. are noted In rlpre
2.1'1 In the maln bodJ of dill repl'rt Table 0.2 Ilhow.
the ,...a from Iround Mro. UIe .\IIP.ted placemeaL
precaure•• the predic.ad p ure·, tor lICuaal place-
mem. the IRullbar of ml illac<td .1 .~b fi.ld. aDd
the depth of _r oftr the ml.... .." hoi•• for the
antitank mIM. _re .. With an N.rth r; the diam-
eter of the bit _II .dju..... to fit dill of the mille.
Tbr.. bole. for dill Elate mIM re _ With a pocket
knife 80 that dill di r dill _ u that of
the bocIy 01 dill mI .

FroID Ute re"'''' 01 tilt pteYlclll8 BrltI_ te.. oa
dill EI it __ decl'..... tMt dtoea pa-cJ u
.aU ONrpre-.... 01 21. 14. tad II pat -ad
.... dlalodpd from tIMolr .....~_...
taku to IMld tile EI..•• II POIIlaoa at 1M .at1mae.d
overpre...... of 30 psi bJ a tIIln wire tied to .. bocIy
01 the Dol.. tad f-....cl to a ptpI drI_ mto Ute
.,.. CFIpn 0.4).

TIle ....... _re ............ ,....... 41d1e....
type. of p1utlt'. black la color 8IId Ute oUar
...... All au r ·1II.aeh type _re p1alMd
at • ..cltr .

0.3 'U:.4,;UU K'I'

T.at IIl&tnlCtI_ .,.eifled tllet C\lr80ry _1..
u- ....... 01 Ute fuM. to deterslM poeaIlIe actu
aUOII. In addIUae. It ............d tIlat __1'Y1U0Il8
bIl nude to determ'. (1) upNllre or Utu-l 01 tile
mi... bJ bl.lIt. W \2) ....r..1 ...... to ...IM
bod)' bJ blut or IJ)' Uoeraal radla&1oa. In addIUaa•
dill EI...•• _re UN.QDl\Md for d1';.wrbQaee iroll
p ..ttlon aDd buml.. 01 Ute c.-fblIa conrlJlll 0
preullre plate. After tIt6. prellllll_1'1 ....1..UOll.

S!CIIT



Figwoe D.1 8rltJ"b. Hark 5 lIlItlluk mine.

"1lf\1~ D.~ BtltlY. URk melalllc: utl&aU ml...

IJ
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Figure D.3 BrIU.h. EI.I~. antlperllOllJl8l mine.
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TABLE D.l &,';ULTS OF STATIC-DEFLECTK>N TESTS

,. ',erap Static
Prellure

Mine Type Actuation PreU'a8
Plate Area

(Averap of three aamplea)

pal ln l

Llpt 16.1 28.3
Metallic

Mark 5 93.7 4.0

Elaie 11.1 0.79

TABLE D.2 MINE PLACEMENT

'fbe apace between mllJel wu thre" rcct.

llugplted
Predicted QuaDUty

~ PIlW4lllMloL Rang" Cover
Preuve

Preuve Per RaDp

pil pst IIICII

Mark vn 150 920 150 2 7
100 1,040 100 2 7

60 1,250 60 2 7

Mark 5 160 920 150 0 .(

100 l,04C 100 0 7
60 l,2GO 60 0 7

Ll&ht 45 1,600 40 2 7
M'talIc 30 1,720 30 2 7

15 2,290 16 2 7

E1ai, 45 l,72U SO 0 4
30 l,9an 21 0 4
20 2,2tO 15 0 ..
10 5,310 5 0 4

5 ¥._--------

TABU D.3 OVEllPIlIIIUBU

~. Oftrpreuurel lit no and 1,040 fret arel"~ froID f1F" ~,.3.

..... PNdlated orerp~.~ C'nr,;re..-urtt

f. pal P.I

no 160 180 1.0 :100
1,040 100 1151.0140
',250 410 71
1,110 10 10.11
1,600 ~ 43.1
1,'710 III II.'
l,tIO 11 10.6
2.IM 15 18
I,JIO 5 fl."------

II
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TABLE D.4 ANTITANK RESULTS

Mark YD. 110 feet 0

Mark YD. 1.040 f. a
Mark YD. 1,110 feet :J

IIaft II. no feet a
IIaft II. 1.040 f. 0

IIaft I. 1,110 feet 0

Lip' 1IetIWo. 1,100 feet 0

L1IId 1IIUIUo, 1.TlO f. 0

lJP& ....wo••,1110 fWl 0

...... j..-cI.
t PIlI puaau, 1IlMnd.*..Oftr by willow.
• liz .... 01 OOftJ'.
0 ..... _ aowatecl.

a .....~.

0 !J. a a a a
a O· 0 0 a 0

0 0 0 0 :J 0

0 ot 0 0 0 0

0 0 0 0 0 0

0 0 0 0 0 0

u 0 0 C! 0 0

a 0 0 0 .J 0

0 OU 01 -21-_ 01 01

TABLE D.5 ELSIE RESULT!'

PluUc

f..t color

WId..

110

l,T20 M1ae fOlllld about 400 tN. beck from ortc1JW ~IUoa.

C.-a... ,.lUI)" burlIecI or blowa 011. UJlIMor f1'Oll&
portioa 0, bocI,y "wrInk1ac1" by tMrmal. Cbarp COIl

talMr 1l1P&l)' burlIecIlII f1'Oll&. F.-. II, of bocI,y ooUar
broIla oft III po1Dt .... win ortpaall)' 1II&aD'-d.

\Jal)' tap portioa of IIl1De bocI,y fOlllld. Tap portio.. of
!:oM)' fOlllld +JO f. '** from ortllDal ~IUoa. Cbarp
00Ida&Jler fOIIIId lIIO f. bIok from ol1llDal PNIUOIl.
111. broba III balf WIde~ body oeU"",. C.-a...
burlIecI 011.

C..-a....art)' burD*! 011. Float part 01 body
"wriaIed." Tap IIIIrfMe of IIody burlIecIlild bl......
C..... o..u.r 1l!PU)' """*1111 (l'GIIII.

1I1._feud.

ea-tt... buned oIf. Upptr fMlll portlou IIId tap of
bocI,y IIUPU)' '--I ADd wrUtt1elt.
laM _ fOIIIId.

laM_fau.!.

""_fau.!.

C.-... ...-I)' burlIecI or bloWD oIf. Upptr fftllll
...... ., wruIIW. CIIMrwlN.... Ill ..............
C ...., or Wow 011 otIIerwt.,
__ Ia .

C ...., 01' blowa oIf. ~rwI.,

.... Ia,... .

C••••• MaIt)' 0\' ...... o.lI. ~I"WI••
m1Mla .

C ..,., oIf. Tap wrr-
of Tap wrt_
01 __ ......,' "', .

C.,.".. or w-.. 011. 0IMrwi...... Ia........
Y.

Y......

l,tto

6....
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the mine" were to be returned to the Ul!ltpd Kingdom
{or detalled internal examination and statistical anal
ysis.

0.4 RESULTS AND DISCUSSION

Results of the postsbot investlgatil)n of the Brltisb
mines In this project are summarized In Tables D.4
and 0.5. Actual and predicted peak overpressures
forB compared In Table D.3.

: be combineo results of the layout for the United
Kingdom Investigation and the layout for the main
Proje.::t 6.1 fClT the Mark VII mine agree well With the
pretest British data on the mine. The lower limit
(where Insufficient compression for arming or activa
tion can be expected) can be estimated from the main
field data of Project 6.1 to be sbout 20 psi overpressure.
It was also observed that, for pressures of 60 psi or
more, a

'
.! mlMS Will r ..celve the first lmpulRe but no

mines Will be actuated, i. e, none of the mines rec61vtl
the douhle impul".,.

The spider-plate design for the pressure pirAte of
the Mark 5 mine seems to be an eUective device for
Witllatandlng large overpressures as was expected.
At the closest ranee of 920 feet from ground zero,
four out of seven of the mine fuzes functioned, indica
ting that their live prototypes would loave detonated.
At the 1,040-foot range, where the overpr"ssure was
at least 115 psi, none of the fuzes functioned. The
same was true at the 1,250-foot range. Two values
are therefore available from the test data from which
the statistical analyst may be able to plot ~ ~I obabillty
of ·actu&tlOIl curve for &lven OIl ,rpressures.

Not as much 'l~ef"! data was obtained for the UCbt
Metallic Mlr.e as bad been antlcipltted. ...t overpres-

''l

sures vf 43.6 and 28.9 psi, five of tilt! seven mine
fuzes functioned. Tbl:se do not coincide With existing
British data on the actuation pressures for this mine.
Caution must be taken In comparing the data taken
from the mines placed at the Z,29(!-foot range, owing
to experimental errU&8: (1) five of tI:~ mines were
burled With 6 Inches of COl'er, Instead)f the required
2 Inches; and (2) a veblcle was driven 0 '8. one mine
before recovery Was made.

~he following observations were maue on the Elsie
antipersonnel mine:

1. The clot!! C'amouflage coverlllll: the pressure
plate was cOIl,plete'.y burned or blown off In almost
all cases.

2. The body of at least llne mine at each range
studied was severely affected by thermal radlatlOD,
resulting In wrinkling and charring. In some cases,
the fuzes for these burned mines did not actuate.
Suprlslngly, the Llack plastic mines withstood thermal
effects better than the white mlMB In every InBtance.

3. Six of the mines Wf'N thrown out of their holes
by the drag prtlllBUrIl; lwu were found, of wblch one
bad bilen actuated while the other bad been sbattered.
A thorougb searcb of l.,", area dlllCloeed no evidence
of the remaining four antipersonnel mines. These
mines were Ilompletely lnerl (c1ntalned no explosives)
and thenfore the 10SB would In no way prove danger
ous to anyone sbculd the mines be uncovered at a
later time.

•. S:lme fuzes wElre actuated at each range with
out folloWillC any recocmzable pattern for proportion
actlUted. Tbls portiOIl of the atudy waa hampered
by the fact that Dot all the mines were recovered.

S. The blut eeverely cracked the mlM casing lit
the high""t ranp of prellsure studies.
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App,ndix E
SYMPATHETIC DETONATION ANALYSIS

E.1 PROBABILITIES OF DIFFERENT RANDOM
PATTERNS IN MINE DETONATION

The pometrlc pattaI'D of mlll8 actllatloo In the
live mlDefleld mA)' live all tlldlc.Uoa of whether
8fJIIIl&theUc detoDaUoa wa. preMDt. IDtUtUftlT. if
eaoh IIIiDe dlat actuated tn • Itft IIIiDe Seld ware
adjacent to 1II0tl18r actuated mtll8. the ltbltbood of
qmpatbeUc detoDaU. would be tDcreuad.

Each pometrtc actllatton patteI'D dlat _. e_t
ered In the live mtne field was either due to • random
ponlatrtc dtatrtbuU. or •~ dtairlbuU•.
It __ u_d that _rudom cIt.trlbldiCIDI ware
due to tile effect of II)'mpathettc detooatloa. Oae
mtne detoaaUJII could Nnlt til 1UIOUIaJ' mlJIe detoaat
lIII 0111,. If t" dta&alloe. '*- mt... ware .mall.
It _. u--S tIIat tile J'ldlua 01 bIfl_ 101' ..
mtlle to c..... detooatl. fJII IIIlClCIIer IIIiDe -. tile
mullDlUll cIt__ ......ad~mlJIe•• or 21
f..t. TbeNfore. tile detclIaaboo oil! .... two adja
oeIl& mlJIe. -. IN crt_rtoe lor tile poatWlJl7 01
.,.........-u0 detGu&t•.

'Mlaa die pr 17 01 tile nadom ocov,... 01
tile .cl8aUoe ,.... ~redt. Noll .... &aid
Ie __ may -..naiM lilllWlood 01 .,.-

.......0 "die 1' PI'ObIIIW" ....

.-n for &110 recIla'" aeId U. , " dill

.,~~ W 0CIIa&I1IMad" 1M 1'

fII aellMU... ('I1IIa -ad ucl_ ..,..... ru
....re. bf cIdaIU"". """""'0 ...
1 )

'J'M ". It" 01 -.
...,...... lor 110 10 Ue_IIUIII ...,
('1'.... 1.1) ft Ndto ,,' 2 by
of. 7UdNt I&IIlIA:a. ,....,.. dill_ ..
......ra~ to .,. UO r'tl die
......... r~ ........ for' NUoe die ,NIIMW...

.... lJ 1a"'. wi"'" ra....... ,.......
for ., 1MUe delWOIIce U llrat. wnll .......
.....,., &III '~-..a.

to -:U4 lIJl::Jc r't' en ..
.,..... .....1' fII art wMN two~t...........

No -.'-I '"............t" of OCCIV of _
·_:..m ....11 t!fMOlIlI..u wa,. _ ....

CI "."'.1 wltII lDe ""'N bf
... toIaI OHIIItMd_ 10 11" , U" fII die

particular pettarn OCCIllTtlll. Eacb .peclflc pattern
wu furtller brollen down to arrtve .t tile total number
of .rr....me.. llllder wldch II)'mpadseUc detc\uUoa
cOllld hlppen. Tb1. wu to allow rlllk1l11 2n order vf
f.vorabtllty to ayn;r~Ucdetonatt•.

TIle no_lature uaed for Uaa raadom prob&.lit1lty
will be uplaiDad bf III elWDPle. T" up,. oa
P,(l. 2) _ana tha probll:tllty of three m actllattlll
whell two of die mine. u. adjacGll& (1••• tIwI 21 lee&
be'-n 1IIiDe.) aDd tlIe U1trd m.... t. aepara&ed fr01D

&he otber two by at hl••t OM mtne that did I.ot detoDate.

E.2 PROBA8IUTIES OF RANOOM VARIATION OF
TEST POINTS J'ROM TRUE CUMULATlVE
PROBA81UTY CURVE

Eacll IUIlPta (paaiIrn) caa be coul~.red •• com
PMad 01. lDdepncIaiIt trtal........ till trI... probability
01 1M IIline actaaUnc III ••1IIIta trial t. 11- by &he
cumulaUftaarJDal ,robIblltty dt.an!luUoo. r,..,m
... l2iiio17 of probabtUty... ...-u. lor tAdepodut
&riala t. p .... bf tile _nIIl til tile 2IbIomtal upu.loa.

II

(q+pf • E ~cr-rpr

1'·0

c! • --,.=11.:.'.......
I' :- 'tD-r)1

p • praMllW" tIIe& • atacJe mtM
will .....

q • ""11" alIiI1e ....
wlU_ ....

II • a..wI::r fI1 • .Ial.

, ......."..........
c;'t,lt.-r,r .Pi' W,,,.,awt!~, __

..........1a.trtaI•.

1&_ die ltillll~ ~f .,.,.. :.odo detoM&ioa
tile..... at "_ p"', ......_"". lUi•• dill .......
.......... 1& I• ..., Ie nail uu. ......1' ,,, .. If • FIt do .UIlIIIIoII n.
.....r ,.,...... tIIa _,. fa...........
c.dI fir .,1IIfIIIIleIIc I'M.

". p II" li"
_. aeId -ad be or p-eIIIIIIr 1'......

.. 1.... 1.11- .., u. _ ., all "1'_''''' I'

tIINlIP II III ... b&-aaP .......... .j....... of

•
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P to use 18 determined from the cumulatlv.. probab
Ility curve at the Inert mine-field overpre88llre. It
18 a8sumed that for random variation In the mlne8 the
same overpresdllre wOllld also apply In tbe live mine
field.

As an example, the probablUty will be computed
that a detonation te8t value of the M/47-[ mine could

In the live mlno field, n '" 10, the appropriate binomial
expan~jon II:

10
(q+p)U = E C~qIG-rpr .. 1

r"'O

TAPLE El PROBABIUTIES OF RANOOM DETONATION FATTERNS

• 1./1IG
• 8/l20
• 1/120
.. '10/120
.. 0

• 0
• 0
• 0
.. 0

• 0
.. 0

VIII. ........... Ilfl..._ ..'iN'....

'alt) .. 1

VI. Continued
P,(2,5)
',11,2,4)
P,(2, 2, 3)
P,(3,4)
P,(1, I, 2,Il
P,(I, 1,2,3)
P,(l, I, 2, 2i
1',(1,1,1,4)
P,(l,I, I, I, 3)
P,ll. I, 1,1, I, 2)
J',ll, 1,1, 1,1, I, I)

VII. EICUI Mlnel DllonatlllI
p.(') .. 32/45
P.(3, 5) .. 2/45
P,(1, 7) • 4/45
P,/4,4) .. 3/45
',(1,1) .. 4/45
P,(I, 3, ~) .. 0
Pita. 2, 4) .. 0
P,(I, 3,4) • 0
P,U, I, I) .. 0
P,(I, a, I, I) .. 0
',(1,1, I, I, .. 0
Pef1, I, a. 1,1) .. 0
',(1, 1,3,3) .. 0
'efl, 1,1," • 0
',(1,1,1,1,3) • 0
'aCl, 1,1, I, =,21 .. 0
'at1,l,') .. 0
Pefl, 1,1,1) • 0
'efl, I, I, 1,4) • 0
'''1.1,1,1, 1,') • 0
.,,1,1,1,1,1,1,1) ••
Pefl, 1, 1,1,1, I, I, 1).. 0

.. 11/110
• 11/'110
.. '1/'110
• 4/'110
.. 11/'110
.. 141111'

• lilt!.
• till.
.. 0

• 0
.. 0

p.(a)
".(1,41
P.(l, I)
PelI ,2,II
Pel1,l,4)
'.(1,1,3)
'ef3, 3)
'efl, I, 1.1)
'.(1,1,1,3)
'.U.I,I,l,2I
P.(I,l.1,l.1.1'

II. Three Mlnel DetoDatlIW
Pa(3) .. 20/120
P.(I, 2) .../lao
P.(I, I, 1) • .. 32/120

VI ........... DI'.. ""
,y(t) • II/1M
.,cl,') .. 1O/l1CI IX. T.. _. "'-'1"'11
PacI,I.I) • a/Ill .mll) • I

IV. FIWl MlbII. D.tooaUas
P,/5) .. 010/252
P,(I,4) .. 14/252
P,(2,3) .. 141112
P,(l, I, 3) .. 31/'112
P,(1, 2, 2) .. ~•.'7:,2
P,u, 1, 1,1) .. 12/2&2
P,Il,I, 1,1, 1) .."

I. T,"o MIn.1 DetonaUIII
Pa(2) '" 14/25
p.(1, I)' • 31/45

m. Four Mine. Deloaa&.las
P,(4) .. 211/210
P,(1, 3) .. 72/210
P,(2,2) .. 35/210
P,(I,I,2) .. at/210
P,(1,I, ~,1) .. 0

..... bee... larp or larpr bee of r..... .,.r-
lau•. ". .... pol. c...." the "7-FU"'"
KWaUNi poUIl ., 11.(-pel ..tic oftrp II8U..... 'rom
• cu.atlft rrobAtllty CUrft, the p CWd ICtu-

.u. at tllAe ......... 'e 10 ,...-t. 11IIe •.,.. Ie

....-.d \0 be .. tnIB protlMl&lItr, p, dlI.: a ......
mi. Will actua...t II.' pal. "or IN aa.pJe.tu

• Inq'p·. 'lIrN • uOtfp' • 46q"p'

• 1.... ' ..

""-nt: p • 0.1

q • 0 It

For tJMo ,robIINlity 01 _ or more r-»m ml.. ~

•
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achlaUal'. 1M wrlll. 01 1M binomial expan.IOII Ill...:

be lidded It...... r oo 1 tIu'auIb r .. 10. Therefore, tile
probability I.:

10
1: C~qll-rpr .. l-ttt
rool

.. 1-COol')1l' .. 0.151

T.... meaa. dial II tile probability of ••10118 mine
"~ at 11.' pella p .. 0.1, tben tbe probability
01 at I... OM Illi. CODa or more) actuating III II

_pie e.ae of 10 Ie 0.161.
The valuae of p _re COlllPllted to an accuracy of

two _Imal plac•• wb1cb __ couldered :nore than
Wquaw for lbe reliabUJty of tile data•

..
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App,ndix F

SUMMARY of RAW DATA
TIl1. appendix preaenu raw data from tbe mlDe field
cbaraDCe operatlon. Data from tbe Illut mlDO n.lda
a;ra preMDted III FIIlUn' ''.1 du'CIlIP r.u,~ tbe
live m'" field data CUI be fClWld ill FIpre. P.14
thrCllllb F.26. The mete\' reld1D1' ud pp. from tbe

p....aure pllJe to tbe ruae for tbe UIM frClm tbe depth
or-burial atudy are 1i"1l III TabI. '.1; tt. __ UIM
data from tbe at\ldy of tbe ..ffeet cl l~ ewe upon the
mlM ....,... I. _.ad III Table '.2.

Row

0 0 0 0 0 0 0 0 0 0 I

0 0 0 0 0 0 0 0 0 0 z

0 0 0 0 0 0 0 0 0 0 3

~nq.. F"t Ov"prelsure, PI' ~ Actuation

ZSZO 10.' 0

Ro.

0 0 0 0 0 0 0 0 0 0 I

.:> 0 0 0 0 0 0 0 0 0 2

0 0 0 0 0 0 0 0 0 0 3

.~~~ C>t4f1ll'''1Y'e, pll ...... Actlllllhon

ano ..., 0

-'ow
0 0 0 0 0 0 0 0 0 0 I

0 0 0 0 0 0 0 C 0 0 2

0 0 0 0 0 0 0 0 0 0 :5

_.-- - -
" ...... ' ..t Owt'e~:e, D5' Perunt Actuotlun

J
a.. 0

O. MIM LOt9llOn •• Ach¥otM Mefte-
r...... r.l ....". ,. laar1 .... &.)d, .-n

tl
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Plumbbob, ITR-I401, October If,t\7; EXlJ~\)a;ion Kinetics Branch, Terminal Ballistics Labora
tol'y, Ballistics Researrh Labontories. Aberdeen Proving Ground, Maryland; Confidential
Formerly Restricted O'olta.
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